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SILICATE SCIENCE * 


By Gseorce W. Morey 


ABSTRACT 
An attempt is made to correlate, by means of the changing properties of silica in a 
crystallizing rock magma, the various branches of science and technology which are cor- 
cerned with the propertiesof silicates. Such a discussion serves to bring out both similari- 
ties and differences between the processes taking place in nature and those characteristic 
of the many branches of technology dependent on the properties of silicates. 


|. Introduction 

The purpose in this address will be to bring out 
the relationship among the various branches of 
science and technology which are concerned with 
the properties of silicates. The chemistry of 
silica and the silicates is the fundamental basis of 
ceramic engineering and glass technology; it con- 
trols the composition of the slags used in metal- 
lurgical operations, and is a dominant considera- 
tion in geology as an experimental science. The 
various applications of silicate chemistry will be 
discussed, taking the change in composition of the 
cooling magma as the connecting thread. 


ll. Rock Magma Transformation 

Silica has characteristic properties. Notwith- 
standing its high melting point, it is exceedingly 
viscous in the liquid condition. Largely because 
of that viscosity, it is reluctant to change from 
the liquid to the crystalline condition. The vis- 
cosity and the tendency to form glass are char- 
acteristics of silica which are carried, to a greater 
or less extent, into all the mixtures and com- 
pounds into which it enters. The extent to 
which these characteristics are carried into its 
compounds depends, in the first place, on the pro- 
portion of silica present, and, to a less extent, on 
the nature of the other constituents. : 

The manner in which an originally homogene- 
ous silicate melt called a rock magma is trans- 
formed into the widely diversified rock types we 
find in nature, that is, the sequence of crystalliza- 
tion of the silicate minerals which make up the 
rocks, is a major problem in geology, and the re- 
searches of the Geopliysical Laboratory of the 
Carnegie Institution of Washington have been 
concerned with the crystallization of silicate 
melts in order to learn the mechanism by which 
the rock minerals have been formed. 

The primitive magma is considered to have been 
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low in silica, and silica-free minerals were among 
the first to crystallize at the highest temperatures. 
These include magnetite, which separates over a 


» wide range of conditions, and the spinels, com- 


pounds of alumina with the oxides of magnesium, 
calcium, and iron. The silicate minerals which 
crystallize early in the process of differentiation, 
such as olivines, are orthosilicates, which are poor 
in silica. They are all of high melting point, 
and recently, since advances in industrial tech- 
nique have made possible their manufacture, simi- 
lar materials have found an important use as re- 
fractories. 


lil. Slag Is a Silicate Magma 

The magma from which these minerals sepa- 
rate has no counterpart in ceramics, but similar 
silicate mixtures play an important part in the 
metallurgy of iron. The crude ore and the fuel 
used in melting contain impurities, sand and 
silicate minerals, phosphates, and combined sul- 
fur. These impurities are removed by the flux- 
ing action of a slag, formed by the ‘addition of 
lime. The slag must be high enough in lime to 
extract the sulfur and phosphorus, and it must be 
fluid enough to run readily when tapped, yet vis- 
cous enough not to be excessively corrosive to the 
furnace lining. A slag approaching the ortho- 
silicate composition gives this desirable balance 
of properties, and blast-furnace slags are of such 
a composition that the orthosilicate minerals fre- 
quently crystallize from them. 

The magma, after the crystallization of most 
of the orthosilicate minerals, is enriched in silica. 
It has become a basaltic magma such as is found 
in the volcano Kilauea. The minerals which now 
begin to separate are the pyroxenes, metasili- 
cates of magnesium, calcium, and iron. In the 
earlier stages olivines are also present, and in the 
later stages plagioclase feldspars, containing both 
lime and soda feldspars, are of increasing impor- 
tance. Enormous quantities of such magmas 
have been poured out in fissure eruptions, form- 
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ing, for example, the plateau basalts of the north- 
west, which cover an area of a quarter of a 
million square miles and reach a maximum thick- 
ness of 6000 feet. Such lavas are highly fluid 
and crystallize readily, and basalt glass is found 
only in voleanic regions where it has been ex- 
truded and chilled rapidly. 

The rocks formed from basaltic magmas, the 
gabbros and trap rocks, find little use in industry 
except as crushed rock and as building stone. 
Silicate melts of similar composition are not met 
with in ceramics, but the slag used in an acid 
open-hearth steel furnace of the type common a 
few years ago, in which the bottom is made of 
silica, is similar in its silica content. Slags of 
higher silica content would be less corrosive on 
the silica bottom, but the consequent high vis- 
cosity precludes their use. - 


IV. Obsidian Glass 

In the subsequent stages of magmatic differen- 
tiation, with temperature continuously decreas- 
ing, the ferromagnesian minerals disappear; 
feldspars increase in amount. The plagioclase 
feldspars contain more albite, and quartz appears 
as a primary mineral. On further differentiation, 
the typical granites, composed of orthoclase and 
plagioclase feldspar, quartz, and mica, are formed. 
They are usually well crystallized, but enor- 
mous quantities of natural glass of a composition 
which would form granite if crystallized are 
found in many parts of the world. A common 
natural glass of this type is obsidian, and the ob- 
sidian cliffs of Yellowstone Park are familiar. 
Obsidian is easily shaped by flaking, and primi- 
tive people in all parts of the world have used it 
for arrow-heads, spear-heads, and for ceremonial 
purposes. The Aztecs also used it for razors, and 
remains of their flake knives are common in the 
Valley of Mexico. The obsidian was mined at a 
distance and fashioned into cylinders, three or 
four inches long, and slightly less in diameter. In 
this form it was easily transported and was a 
primitive package of razor blades. When a razor 
was required it was flaked off by pressure, and 
the resulting blade was about the most efficient 
cutting instrument known to man until the in- 
vention of steel. 

The reason why the natural glass, obsidian, is 
found in enormous masses is that a liquid com- 
posed of quartz and alkali feldspar is exceedingly 
difficult to crystallize. The soda feldspar, albite, 


melts at 1120°C, and the potash feldspar, ortho- 
clase, begins to melt at 1170°C. But at 1400°C, 
the viscosity of their melts is about one million 
times greater than that of a basaltic magma at 
the same temperature. This explains why the 
glassmaker does not imitate nature and make 
artificial obsidian glass. It would have ex- 
cellent qualities, but it is impossible to make it 
artificially because of its great viscosity even at 
the highest temperatures attainable in modern 
furnace practice. The feldspars do find an im- 
portant use in ceramics. By virtue of their low 
melting point and the high viscosity of the result- 
ing glass, they make excellent glazes, and a re- 
fractory body with a feldspar glaze is one of the 
finest types of porcelain. 


V. Role of Water in Crystallization of Magma 

In nature the granitic rocks crystallize at com- 
paratively low temperature, which means that 
they persist as liquids to a temperature at which 
artificial melts of the composition of the final 
rock, composed, for example, of potash, alumina, 
and silica in the molecular ratio of 1:1:10, and 
nothing else, would be so viscous as to be brittle. 
Nevertheless, the granites are well-crystallized 
rocks, and in pegmatite deposits orthoclase and 
quartz are in massive crystals. Such develop- 
ment of crystals would not be possible if it were 
not for the presence in the magma of other con- 
stituents which serve to lower the viscosity, and of 
these constituents water is the most important. 
The temperature, while comparatively low, is far 
above the critical temperature of water, and the 
water can only be held in the liquid magma by an 
impervious crust sufficiently strong to withstand 
the pressure of the water in its attempt to escape 
as steam. If the crust is not competent, a vol- 
canic eruption results, and the most violent and 
catastrophic eruptions are those in which the 
ejected material has essentially the composition 
of obsidian. 

The granites represent the concentration of all 
the magmatic constituents after separation by 
crystallization of the ultra-basic and basic 
minerals, and Bowen has demonstrated how a 
magma low in silica, as the result of the continu- 
ously changing association of crystallizing min- 
erals, will be transformed into a magma high in 
silica and alkali feldspar. The crystallization of 
a magma containing these constituents alone, at 
the comparatively low temperatures we know 
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must have existed, into the coarsely crystalline 
rocks we know as granites would have been im- 
possible, and the granites owe their structure to 
the effect of the other magmatic constituents, 
especially water, which have accumulated as the 
result of differentiation. 


Vi. Decomposition by Water 

Important as is the réle of water in making 
possible the crystallization of the granites, its ef- 
fect in decomposing these same rocks is of even 
greater importance in ceramics. We usually 
think of rocks and ceramic products as being re- 
sistant to water at ordinary temperatures, and so 
they are. But when the action takes place over 
long periods, all silicates are decomposed, and 
the result of the decomposition of granite by 
water is clay. The clay minerals are a group pro- 
duced by secondary action, long after the rocks 
have crystallized and all of them consist essen- 
tially of silica, alumina, and water. All the alkali 
of the feldspar, as well as much of the alumina and 
silica, has been removed, and the residual clay 
is the basic raw material of ceramics. 


Vil. Clay Not Always End-Product of Weathering 

Clay is composed not only of the various clay 
minerals, which may be grouped together under 
the name kaolin, but it may also contain residual 
quartz, iron oxide, and various silicate minerals, 
all in varying amounts. Clay is not always the 
end-product of weathering, and in the warmer 
climates even clay is decomposed with formation 
of more aluminous minerals, bauxite and dia- 
spore. The diaspore clays of Missouri are an ex- 
ample. The uses of clay in ceramics «depend 
chiefly on the amount of the accessory 
minerals. 


Vill. Effect of Heat on Clay 

When kaolin is heated it is decomposed, and 
the usual end-product is a mixture of highly sili- 
ceous glass and the mineral, mullite. Pure kao- 
linite contains two molecules of silica to one of 
alumina and forms a moderately refractory ma- 
terial. The more impure clays usually contain 
enough iron oxide to make them red when fired, 
and when such clays also contain both lime and 
alkali they become bonded at fairly low tempera- 
tures by the formation of a low-melting glass into 
a structurally strong material, the common brick. 
The more they approach kaolin in composition 


the more refractory they are, and the more vis- 
cous is the glassy matrix. Because of the vis- 
cosity of this glass, the conversion of the decom- 
posed kaolin to the condition of equilibrium be- 
low 1545°, a mixture of mullite and crystalline 
silica, is never complete. The mullite is crys- 
tallized only in part, tridymite or cristobalite is 
often not developed at all, and if quartz has been 
added to the clay its solution and conversion 
into glass take place slowly. It is because of these 
factors that clay is so universally used for ma- 
terials which must withstand heat, the refrac- 
tories, and for other useful products for which the 
development of a glassy bond to unite the un- 
melted portions into a dense and strong material 
is essential. Such products range from spark 
plugs and electrical porcelains to whiteware. 


When the clay contains an excess of alumina 
over the proportions found in kaolin, the tempera- 
ture required in firing increases, and the resulting 
product becomes of increasing value as a refrac- 
tory. Indeed, since the mineral, mullite, was 
discovered at the Geophysical Laboratory in 
1924, the improvement in refractories has been 
rapid and has constituted one of the most impor 
tant advances in technology. 


IX. Ceramic Ware ree Dependent on Gless 


The presence of a glassy bond is essential in re- 
fractories, in brick and tile, in glazes, and in enam- 
els, and all these products are made possible by 
the ability of silicates to form glass. Generally 
speaking, the controlling factor in the choice of 
raw materials is the viscosity essential to the prod- 
uct and its method of manufacture. The com- 
position of slags is largeiy determined by vis- 
cosity. The development of strength in the 
many types of clay products not used at high 
temperatures depends on the development of a 
glass having the requisite viscosity at the tem- 
perature of firing, and the higher the temperature 
required the greater the cost of the operation. 
Consequently we have a wide range of glass com- 
positions developed, from those enamels contain- 
ing lead oxide and boric oxide, which lower the 
temperature of glass formation and enable the 
products to be made at lower temperature and 
lower cost, to the finest porcelains, which require 
firing at high temperatures to liquefy sufficiently 
the viscous glassy bond. And finally we have the 
glasses themselves. 
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X. Silica Glass 

I have already mentioned that silica has a high 
melting point and that at its melting point it is 
highly viscous. Silica glass can not be manu- 
factured cheaply or on a large scale because of 
the high temperature required and the extreme 
viscosity of the melt even at that temperature. 
Laboratory ware of silica glass is produced by 
hand-working before the blow-pipe, and even on 
this small scale the source of the raw materia! is 
of the greatest importance. Any ordinary quartz 
will not do if the finished product is to be clear 
and free from bubbles. On the contrary, only 
quartz from special localities, formed under con- 
ditions which are still unknown to us, is suitable 
for the finest grade of silica glass. 

One of the first studies of the Geophysical 
Laboratory was by Day and Shepherd on the pro- 
duction of fused silica, and they devised a process 
which was later developed commercially. They 
melted the quartz in vacuum, which greatly in- 
creased the size of the bubbles and thus the ease 
with which they were eliminated. Then when 
the silica glass was ready to be cooled, pressure 
was applied, causing the remaining bubbles to 
shrink to a fraction of their previous size. 

Even this process is not entirely successful. It 
is not merely a problem of heating the silica hot 
enough to make it a thin liquid. If the tempera- 
ture is raised much above the melting point, the 
silica vaporizes; and if any reducing agent is pres- 
ent—and it is difficult to prevent the presence of 
some carbon, carbon monoxide, or hydrogen—the 
silica is reduced to silicon. These difficulties usu- 
ally become more serious as the temperature 
is raised, and an increase of a few hundred de- 
grees in available furnace temperatures would not 
make possible the large-scale production of silica 
glass. 


XI. Effect of Composition on Glass Properties 

For the manufacture of glass, the melting point 
and viscosity of silica must be lowered to indus- 
trially practicable values, for which purpose re- 
course must be had to fluxes. We have seen that 
in the process of firing kaolin a glass is formed 
composed of alumina and silica, and it might ap- 
pear that the addition of a flux, such as sodium 
carbonate, would give a glass that could be manu- 
factured. Such is not the case. The systems 
containing soda or potash and alumina are unique 
in their viscosity relationships, in that there ap- 


pears to be a maximum of viscosity when alkali 
oxide and alumina are in the 1:1 molecular ratio, 
as they are in the feldspars. Addition of alkali 
to a kaolin increases the amount of glass formed 
by lowering the melting point, but the glass in- 
creases in viscosity with addition of soda until 
the 1:1 ratio is passed. Similar effects are found 
with other properties, such as density and refrac- 
tive index, and there appears to be a constitutive 
effect in the alkali-alumina-silica systems which 
is unique. It is for this reason that the glass- 
maker can not imitate nature and make glass of 
the composition of granite, although the melting 
point of the granite is at a temperature easily ac- 
cessible in furnace practice. 

Commercial glass is made by the addition of 
fluxes, especially soda or potash, to silica, and 
soda is the usual choice, partly because of its 
lower price. Soda alone will not do, however, 
even though it is cheap and efficacious, because the 
resulting glasses are soluble in water. Something 
must be added to give them the necessary chemi- 
cal durability, and lime is the usual choice. 
Other oxides could serve. A soda-magnesia-silica 
glass can be made, but not so easily as a 
soda-lime glass, and magnesia is used only with 
lime. Barium or strontium oxide can be used, 
and barium oxide is frequently used in special 
cases, but the greater cost and greater weight of 
these oxides are sufficient to cause their rejection, 
except for special types. Lead oxide can be used, 
but the same objections hold. All other oxides 
are rejected for chemical or economic reasons, 
and most glassware is a soda-lime-silica glass. 

This has always been true. Probably the old- 
est piece of glass ever found was the cylinder of 
light blue glass brought back by the University of 
Chicago Iraq expedition in 1931 from Tell Asmar, 
a little northwest of Bagdad, which dated to 
about 2700 B.c. It had a refractive index of 
about 1.515, and was surprisingly free from 
striations or inclusions. The oldest Egyptian 
glass concerning whose authenticity and dating 
there is no doubt was the glass beads found in the 
sarcophagus of little Moyet, child queen of King 
Mentu-hotpe III, about 2050 B.c. Both the 
glass from Asia Minor and that from Egypt were 
of the same type, soda-lime glasses. All the 
ancient glass was of this type, not differing es- 
sentially from the usual glass of today. Typical 
glassware has always been of the same composi- 
tion, and the reason is not far to seek. I have 
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already stated that to make a glass the melting 
point and viscosity of silica must be lowered by a 
flux; that the best and most convenient flux, 
soda, produces a glass easily attacked by water; 
and that addition of lime is the best and cheapest 
means to give the necessary chemical durability 
to the soda-silica glass. But the proportions of 
these three ingredients are not alterable at will. 
There is only a narrow range within which these 
three oxides can be combined to give a glass. 
Too much soda, and it is not durable. Indeed, 
most of the ancient glass found in the Egyptian 
tombs contains too much soda. This made it 
easier to melt in their primitive furnaces, but the 
product would be rejected today by any critical 
user as being lacking in durability. Too much 
silica, and the glass is too viscous and hard to 
melt. Too much lime, and it too closely ap- 
proaches the properties of a basaltic lava, highly 
fluid and crystallizing readily. 

Of the whole range of possible silicate composi- 
tions the only mixtures which are fluid enough at 
an industrially accessible temperature to be 
melted on a commercial scale, yet viscous enough 
to be worked at temperatures above their freez- 
ing points so that they will not devitrify into prod- 
ucts which are not glass, and stable enough to- 
ward the action of water to be suitable for the 
many uses to which glass is put are those soda- 
lime-silica mixtures which have always been used 
for glass. 

Silica, crystallized as quartz, is one of the com- 
monest minerals of the earth’s crust, yet its high 
melting point and the great viscosity of molten 
silica are of little importance in nature. The 
magmas crystallizing at the highest tempera- 
tures are those poorest in silica, and not until ex- 
tensive differentiation has taken place is crystal- 
line silica an original rock constituent. Silica 
and the minerals formed at the highest tempera- 
tures are chemically incompatible. Silica glass 
is found in nature as the rare fulgurites, and some 
tektites are high in silica. Fulgurites are formed 
by lightning striking sand, and marking its path 
by melting a long branching tube of silica glass. 
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One such found at South Amboy, New Jersey, 
had a total length of nine feet and was three 
inches in diameter. Before Franklin discovered 
the true nature of lightning, fulgurites were sup- 
posed to be the remains of the lightning bolt. 
Tektites have been found in many parts of the 
world, from Sweden to Tasmania. It has been 
suggested that they are distributed over the earth 
on a great circle and that they are volcanic bombs 
shot off from the moon. The origin of tektites, 
however, is still in dispute. A most plausible ex- 
planation of some occurrences is that they are 
the result of meteoric impact. Such an impact 
would produce a pool of molten material which 
would be splashed in all directions, thus produc- 
ing the characteristic rounded shapes. This ap- 
pears to be the only explanation of the fragments 
of silica glass, ranging in size from tiny bubbles to 
pieces weighing ten pounds, found scattered over 
an area of 75 square miles in the Libyan desert. 
The silica glass found in the Meteor Crater, 
Arizona, was undoubtedly formed by meteoric 
impact. It may be, however, that these highly 
siliceous materials are not properly called tek- 
tites, the large proportion of which have a lower 
silica content and resemble ordinary rock types. 


Conclusion 

I have skimmed rapidly over several large 
fields of endeavor, in order to point out the fea- 
tures they have in common. All of them are con- 
cerned with the properties of silica and the sili- 
cates, of which properties the viscosity and ten- 
dency toward glass formation are the most out- 
standing. In carrying out this survey, my route 
has been that of the crystallizing magma, which, 
as cooling proceeds, continuously increases in 
silica content. The several branches of technology 
may conveniently be grouped in a similar manner, 
according to the proportion of silica commonly 
present in the product, and such a grouping serves 
to emphasize the many features common to all 
branches of silicate science. 
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THE EFFECT OF IRON SURFACE PREPARATION UPON ENAMEL ADHERENCE* 


By Kautz 


ABSTRACT 
Photomicrographs of iron surfaces prepared for enameling by various methods and 
these iron surfaces with attached ground-coat enamels at different stages of firing are 
shown. The results of adherence tests upon these various enameled surfaces are given. 


I. Introduction 

It has long been known that the different meth- 
ods of preparing sheet-iron surfaces for vitreous 
enameling have a marked effect upon the bonding 
of the glass to the metal. Alkaline solutions which 
are used for cleaners and neutralizers have little 
effect upon the surface texture of iron and are not 
included in this study. Neutralizers, however, 
affect enameling operations by depositing films of 
adsorbed salts and of insoluble ferrous compounds 
upon the surface. 

Different types of surface texture can be pro- 
duced on sheet iron by a number of treatments in 
general use today. These treatments may roughly 
be listed as (1) cold rolling, (2) etching in dilute 
nonoxidizing acid solutions, (3) etching in dilute 
oxidizing acid solutions, (4) sandblasting, and (5) 
chemically plating with metallic nickel. Combi- 
nations of these various treatments are possible 
and also various modifications of each. 

The purpose of this investigation was to study 
microscopically these various types of iron surface 
textures and to follow the changes they undergo 
during the firing of ground-coat enamels. 


ll. Procedure 
To study microscopically these various surfaces 
both before and after enameling for various 
lengths of time in ground coat, carefully prepared 
specimens were necessary. 


(1) Cold Rolling 

A sheet of 18-gage enameling iron, after anneal- 
ing, was pickled in dilute sulfuric acid to remove 
scale and then given a cold-roll treatment to 1% 
elongation. This sheet was made the basis for 
further treatments and was sheared into 5- by 7- 
inch samples, keeping adjacent samples grouped 
together. 


(2) Etching in Dilute Nonoxidizing Acid Solutions 
Three samples were etched in 6% sulfuric acid 
* Presented at the Thirty-Eighth Annual Meeting, 


American Ceramic Society, Columbus, Ohio, March 31, 
1936 (Enamel Division). Received March 5, 1937. 


at 160°F for 15 minutes. The nonoxidizing acids 
in common use for etching iron surfaces are sul- 
furic and hydrochloric acids. Sulfuric acid in 
strong solutions and above 180°F often is oxidiz- 
ing, but as ordinarily used in enameling practice 
it is nonoxidizing. Dilute solutions of both of 
these acids give almost the same type of surface 
texture, and sulfuric acid was chosen as representa- 
tive of modern practice. 


(3) Etching in Dilute Oxidizing Acid Solutions 

Three samples were etched in 10% nitric acid 
at 140°F for five minutes. Other oxidizing acids 
which can be used to produce this type of surface 
are chromic, chloric, bromic, and perchloric. This 
type of surface may also be obtained by the addi- 
tion of an oxidizing agent to dilute solutions of 
sulfuric or hydrochloric acids. Some oxidizing 
agents which give good results are sodium nitrate, 
sodium chlorate, sodium dichromate, sodium per- 
manganate, ammonium persulfate, and manganese 
dioxide. The use of oxidizing acids, however, 
often necessitates mechanical scrubbing to remove 
sludges from the surfaces. 


(4) Sandblasting 

Three samples were carefully and deeply 
sandblasted in a commercial sandblasting ma- 
chine. The production of sandblasted surfaces 
is well known in most enameling plants. 


(5) Chemically Plating with Metallic Nickel 

Three samples, after pickling in 6% sulfuric 
acid at 160°F for 4 minutes, were immersed in a 
boiling solution of nickel salts for '/,. minute. 
Another. series of three samples was immersed 
for 7'/. minutes. This nickel-solution contained 
4 ounces of double nickel salts (nickel ammonium 
sulfate, NiSO,-(NH,)2SO,-6H,O) and '/, ounce 
boric acid per gallon and had a py value of 6.4. 
Both double and single nickel salts (NiSO, - 6H,O) 
are used for chemically plating nickel in the indus- 
try with about equal results. 


(6) Final Preparation 
All samples were carefully rinsed in running 
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Fic. 1—(1A) cold-rolled; (3A) 


(2A) etched H,SO,; 
etched HNO;. 


water and then given a 5-minute immersion at 
130°F in a solution containing 1 ounce per gallon 
each of sodium cyanide and sodium carbonate. 
Commercial cobalt ground-coat enamel was ap- 
plied at 1'/, ounces per square foot dry to two 
samples of each treatment. One sample of each 
treatment was fired at 1600°F for 1*/, minutes, 
which permitted the ground coat just to fuse or 
gloss over. The remaining six samples were 
fired at 1600°F for 6 minutes, 7.e., to full matu- 
rity. 


Ill. Microscopic Examination 
Typical sections were cut and mounted from 
each prepared sample and were ground and pol- 
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ished perpendicular to the plane of the iron sheet 
surface. Photomicrographs were taken of typical 
views at magnifications of 1000 diameters using 
normally reflected light and bright field illumina- 
tion. Cross-sections of the surface textures before 
enameling were etched in 10% nital to bring out 
the ferrite grains. Cross-sections of underfired 
specimens were not etched. Cross-sections of the 
normally fired specimens were etched in alcoholic 
stannous chloride to bring out the film of ferrous 
oxide between glass and iron and also to study the 
degree of diffusion of ferrous oxide in solution in 
the enamel. 

Typical photomicrographs of this examination 


Fic. 2.—(4A) sandblasted; 


(5A) thin nickel plate; 
(6A) thick nickel plate: top layer, tin; middle dark line, 
nickel; lower layer, iron. 
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are shown in Figs. 1 to 6 (series (A), (B), and 
(C)). Series (A) shows cross-sections of the vari- 
ous iron-surface textures before enameling (the 
fine-grained material in contact with the iron 
surface being metallic tin used in mounting the 
specimens). Series (B) shows cross-sections of 
these surfaces immediately after fusion of the 
ground-coat enamel. Series (C) shows cross-sec- 
tions of these surfaces after normally firing the 
ground-coat enamel. 


IV. Results of Microscopic Studies 
(1) Cold Rolling 


Severe cold rolling produces a perfectly smooth 
surface and also a distortion of ferrite grains (see 


Fic. 3.—(1B), (2B), and (3B) fired 1*/, minutes. 


Fic. 4.—({4B), (5B), and (6B) fired 1*/, minutes. 


Figs. 1 (1A), 3 (1B), and 5(1C). The degree of 
cold rolling shown in Fig. 1 (1A), however, is re- 
garded as a light treatment and does not entirely 
eliminate all irregularities of the etched surface. 

Figure 3 (1B) shows the layer of initial scale 
formed prior to fusion of the. glass particles. In 
some places this scale has a thickness greater than 
0.00015 inch. It often extends continuously along 
the: iron surface as shown. The iron surface un- 
derlying the scale is relatively smooth with no 
particles of residual iron visible. 

Figure 5 (1C) shows the irregular nature of the 
iron surface after firing to the normal stage. 
Numerous irregular particles of residual iron have 
been undercut from the base and the surface 
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{1C), (2C), and (3C) fired 6 minutes 


Fic. 5. 


shows numerous projections and indentations. 
The etchant makes visible what formerly was a 
film of ferrous oxide between the iron surface 
and the glass. This film is estimated to be about 
0.00001 inch thick in this specimen. Adherence 
as estimated from impact tests was of average 
or normal degree. 


(2) Etching in Dilute Nonoxidizing Acid Solutions 

A surface texture typical of dilute sulfuric 
acid etching is shown in Fig. 1 (2A). This tex- 
ture in cross-section appears to consist of tiny, 
relatively uniform, saw-tooth irregularities, which 
extend across the exposed surfaces of the grains. 
Each grain appears to be dissolving uniformly in 
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the solution with no accelerated action at grain 
boundaries. 

Figure 3 (2B) shows the layer of initial scale 
formed prior to fusion of the glass particles. This 
scale is 0.00015 inch thick in some places and is 
more or less continuous along the iron surface. 
The underlying iron surface, although originally 
saw-toothed from etching, is now relatively 
smooth and no undercut iron particles are visible 

Figure 5 (2C) shows the irregular surface de- 
veloped in complete maturing of the enamel. 
Numerous loose particles of residual iron are 


Fic. 6.—(4C), (5C), and (6C) fired 6 minutes. AuTHoR’s 

NOTE: The extremely thin film of ferrous oxide between 

glass and metal in Pigs. 3C, 4C, and 5C is scarcely 

visible on these reproductions. It can, however, still be 
seen in the reproductions of Figs. 1C and 2C. 


— 
| 
| 
& 
: 
| 
~ 
‘a 
4 Bytes 


292 Kautz 


Fic. 7.—Iron surface etched with dilute HNO; show- 
ing almost complete solution of a ferrite grain; etched 
with 10% nital; 1000. 


present in the glass and many irregular projections 
and depressions are visible at the iron surface. 
The film of ferrous oxide between the iron and 
glass is about 0.00001 inch thick in this specimen. 
Impact tests show average or normal adherence. 


(3) Etching in Dilute Oxidizing Acid Solutions 

A surface texture typical of dilute nitric acid 
etching is shown in Fig. 1 (3A) and Fig. 7. Char- 
acteristic of this type of texture is the relatively 
smooth surface of the exposed ferrite grains, with 
resistant grains protruding outward at irregular 
intervals and the least resistant grains almost com- 
pletely dissolved at other places. The chemical 
action is very rapid and the ferrite grains are dis- 
solved selectively instead of uniformly as with 
nonoxidizing acids. 

Figure 3 (3B) shows little initial scale to have 
formed prior to fusion of the glass particles. Loose 
particles of iron, typical of advanced firing treat- 
ment, are seen imbedded in the glass at intervals 
where no (or very little) initial scale has formed. 
The initial scale appears to form only at irregular 
intervals, which might be due to the easily oxidiza- 
ble nature of certain ferrite grains. This scale 
is about 0.00007 inch thick. 

At complete maturity, Fig. 5 (3C), the iron sur- 
face shows numerous irregular projections and de- 
pressions and numerdus loose irregular particles of 
residual iron imbedded in the glass. The film of 
ferrous oxide phase is faintly visible and has been 
estimated to be about 0.000005 inch thick in this 
specimen. Impact tests show excellent adherence. 


(4) Sandblasting 
Figure 2 (4A) shows a typical section of the 


type of surface texture produced by sandblasting. 
The surface has an extremely jagged and rough 
appearance and shows occasionally tiny frag- 
ments of sand grains deeply imbedded. The sur- 
face appears to be torn and shredded and to be 
severely strained due to the peening effect of the 
sand grains at high velocity. Some ferrite grains 
appear to be more resistant to mechanical abrasion 
than others ard remain protruding; others are 
deeply abraded or indented. 

After fusion of the glass particles (Fig. 4 (4B)), 
the initial scale appears only at irregular intervals 
on the surface. Loose particles of residual iron 
are found where very little initial scale has formed. 
The initial scale, where it does form, sometimes 
has a thickness of 0.00012 inch. 

An interesting feature of the sandblasted sur- 
face after fusing of the ground-coat particles is 
brought out by etching a specimen with nital. 
Although nital usually destroys the initial scale 
and loose iron particles, it brings out the ferrite 
grains. Figure 8 is a cross-section of such a 
specimen and is shown to illustrate the recrystal- 
lization of ferrite grains which takes place when 
this severely strained and shredded surface is 
heated to 1600°F for 1*/, minutes. For compari- 
son, the normal size of ferrite grains in this speci- 
men can be seen immediately below this layer 
of tiny recrystallized ferrite grains. No initial 
scale is visible. It either did not form in this area 
or it was destroyed by the nital etch. 

Figure 6 (4C) shows the sandblasted surface 
after the ground coat was fired 6 minutes. A 
very irregular surface is obtained with many 
projections or promontories jutting into the 
enamel glass. Numierous loose particles of iron 


Fic. 8.—Sandblasted surface after firing ground-coat 
enamel minutes; etched in 10% nital; 1000. 
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are also visible. The film of ferrous oxide is 
faintly visible and its thickness is estimated to be 
about 0.000007 inch in this section. Impact tests 
show excellent adherence. 


(5) Chemically Plating with Nickel 

Two series are shown to illustrate the effect 
of proper and improper application. Figures 2 
(5A), 4 (5B), and 6 (5C) show good practice and 
are samples immersed in a boiling nickel salt 
solution for '/e minute. Figure 2 (5A) shows a 
lightly pickled surface with a film of metallic 
nickel attached. This film is difficult to observe 
but can be seen as a thin broken white line at the 
surface. 

After fusion of the glass particles (Fig. 4 (5B)), 
the nickel is seen as tiny particles at the surface. 
Where the iron surface was unprotected, rapid 
oxidation took place and pockets of initial scale 
formed at irregular intervals. These pockets are 
small compared with the initial scale areas ob- 
tained on sulfuric acid etched surfaces although 
their thickness may be 0.00012 inch in some 
places. 

The normal stage is shown in Fig. 6 (5C). A 
very irregular surface is obtained with many ir- 
regular projections and depressions. A great 
number of loose metallic particles are seen im- 
bedded in the glass. In this case, both nickel 
particles and residual iron particles probably are 
present. The film of ferrous oxide at the inter- 
face is but faintly visible and is estimated to be 
about 0.000005 inch thick. Impact tests show 
excellent adherence. 

Figures 2 (6A), 4 (6B), and 6 (6C) show the 
effects of plating nickel too heavily upon the iron 
surface. This heavy coating or plate of nickel 
can easily be seen adhering to and completely 
covering the iron surface in Fig. 2 (6A). The 
thickness of this spongy plate of nickel varies be- 
tween 0.0001 and 0.0002 inch thick. 

Figure 4 (6B) shows this nickel-plated iron 
after fusion of the glass particles. The most re- 
markable fact is that this plate of spongy nickel 
does not prevent oxidation of the iron surface 
prior to fusion of the ground coat. Oxygen dif- 
fused through this nickel layer without visibly 
oxidizing it and preferentially combined with iron. 
A layer of initial scale can easily be seen between 
the iron surface and the nickel coating. The scale 
thickness in this specimen varies between 0.00005 
and 0.00025 inch. The surface of the iron base 
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underlying this initial scale is relatively smooth, 
similar to Fig. 3 (1B) and (2B) and indicates 
rapid oxidation. 

Figure 6 (6C) shows this heavy nickel-covered 
iron after firing the ground coat 6 minutes. The 
absence of the characteristic cracks in the ground 
coat will be noted. A previous investigation' led 
to the conclusion that these cracks, which are 
evident in most of the specimens labeled “‘C’’ in 
the photomicrographs, are present when ferrous 
oxide is dissolved in the glass, but otherwise are 
absent. It may therefore be concluded that this 
figure depicts a condition in which ferrous oxide 
is not dissolved in the glass. There are no loose 
metallic particles imbedded in the glass and the 
nickel layer in contact with the glass appears as 
originally deposited. Solution of the initial scale 
has been prevented by the nickel covering, but 
aerial oxygen diffusing through the molten glass, 
nickel plate, and initial scale has made an addi- 
tional attack on the iron surface. This surface is 
no longer smooth as in Fig. 4 (6B), but quite 
irregular with many projections and depressions. 
Many particles of iron undercut from the iron 
baSe are seen imbedded in the scale. This ir- 
regular iron surface was not produced by any 
chemical reaction between ground-coat glass and 
iron (because they were never in contact) but 
solely by the retarded reaction of aerial oxygen 
diffusing through the layers of molten glass, nickel, 
and scale. Impact tests show very poor adher- 
ence. 


V. Conclusions 

From the results of this microscopic study, a 
number of deductions and conclusions have been 
made. 

The original roughness or smoothness of the 
iron surface before enameling seems to have little 
effect upon the ultimate adherence. The smooth 
cold-rolled surface and the rough sulfuric acid- 
etched surface show equal impact tests. The 
sandblasted surface (the roughest of all surfaces) 
shows no better adherence than the compara- 
tively smooth, thinly nickel-plated surface. 

The characteristic iron surface under normally 
fired ground coats with its irregular projections 
and depressions is produced by slow oxidation and 
not by chemical reactions between glass and iron. 
This type of iron surface appears under the scale 


Karl Kautz, “Further Data on Enamel Adherence,” 
Jour. Amer. Ceram. Soc., 19 [4] 93-108 (1936). 
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layer of Fig. 6 (6C) and is identical with other 
normally fired ground coats. The projections 
are slightly larger and coarser in this case due per- 
haps to a different rate of oxidation. 

Oxidation of the iron surface prior to fusion 
of the glass particles is retarded by treatment 
with oxidizing acids, by sandblasting, and by 
plating with nickel. This is readily seen from a 
study of the photomicrographs of series (B) 
(Figs. 3 and 4). 

When thick continuous layers of initial scale 
form prior to fusion of the glass particles, the ad- 
herence obtained is not maximum. Since the 
initial scale is dissolved by the glass, it follows 
that the more ferrous oxide in solution in the glass 
the poorer the adherence becomes. The degree of 
adherence seems to depend upon the thickness of 
the ferrous oxide film between glass and iron. 
The thicker this film, the poorer the. adherence 
becomes. 

There seems to be no relation between the de- 
gree of irregularity of surface (small irregular 
projections and depressions) under normally fired 
enamels and the degree of adherence. Figure 5 
(1C) and (2C) shows about the same degree of ir- 
regular surface as Figs. 5 (3C) and 6 (4C) and 
(5C), but the impact tests om samples (1C) and 
(2C) show inferior adherence. 

There seems to be no relation between the num- 
ber and size of irregular particles of residual iron 
in the glass and the degree of adherence. Most 
normally fired ground coats show undercut iron 
particles near the iron surface although the ad- 
herence may vary from poor to good. 


Vi. Discussion 


(1) Treatments Producing Average Adherence 

Lightly cold-rolled iron and iron etched in di- 
lute nonoxidizing acid solutions showed average 
to good adherence depending upon how the ground 
coat was fired. Under typical conditions, con- 
siderable scale was formed prior to fusion of the 
glass particles. The solution of this scale pro- 
duced high ferrous oxide concentrations near the 
interface so that relatively thick films of ferrous 
oxide between glass and iron resulted in the nor- 
mal stage. 


(2) Treatments Producing Excellent Adherence 
Iron etched in dilute oxidizing acid solutions, 
sandblasted, or given a light chemical plate of 
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nickel showed excellent adherence under most 
firing conditions. Thin discontinuous layers of 
initial scale were formed in the scale formation 
stage, which resulted in a low ferrous oxide con- 
centration at the interface in the normal stage of 
firing. Relatively thin films of ferrous oxide 
(faintly visible at 1000 diameters) between glass 
and iron resulted. 


(3) Solution of Initial Scale 

In general, large amounts of ferrous oxide dis- 
solved in the ground-coat glass caused poor ad- 
herence and small amounts promoted good ad- 
herence. This may be due to saturation of the 
glass with ferrous oxide at the contact surface in 
the first case so that the rate of solution is greatly 
retarded and thicker films of ferrous oxide remain 
between glass and iron. With unsaturated glass 
at the contact surface, as in the second case, 
solution proceeds rapidly, and thinner films of 
ferrous oxide remain between glass and iron, re- 
sulting in better adherence. 


(4) Formation of Initial Scale 

The importance of initial scale formation is 
emphasized by these experiments. It seems de- 
sirable that the formation of initial scale be con- 
trolled and only a small amount be allowed to 
form in the firing of ground-coat enamels. The 
formation of initial scale during the early stages 
of ground-coat firing is influenced by (1) the thick- 
ness of the dried coat, (2) the porosity of the dried 
coat, (3) the softening point of the glass, (4) the 
rate of heating, (5) the composition of the firing 
chamber atmosphere, (6) the rate of flow or cir- 
culation of the firing chamber gases, and (7) the 
character of the iron surface. The character of 
the iron surface as influenced by the different 
types of surface texture is considered here. Neu- 
tralizer films also affect the character of the sur- 
face but probably exert only a minor influence in 
the formation of initial scale. 


(5) Oxidizing Acids 

It has been shown that a selective solution 
of ferrite grains takes place in oxidizing acid solu- 
tions. Ferrite grains that are oriented in such a 
manner that they have high resistance to solution 
in oxidizing acids are believed also to have high 
resistance to oxidation. It seems that oxidizing 
acids tend to purify or refine the iron surface by 
dissolving selectively those ferrite grains which 
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have low resistance because of their orientation and 
by leaving predominant those of high resistance. 
Although this refinement is never perfectly at- 
tained, the surface as a whole tends to become 
more resistant to oxidation. 


(6) Sandblasting 

Sandblasting appears to produce mechanically 
the same kind of refinement that oxidizing acids 
produce chemically. Ferrite grains that are ori- 
ented in such a manner that they have high re- 
sistance to abrasion or impact (high hardness) are 
possibly the same ones that have high resistance 
to oxidation. This refining of the iron surface is 
less completely attained with sandblasting than 
with oxidizing acids, but the general trend would 
be to make the surface as a whole more resistant 
to oxidation. The straining of the ferrite grains 
at the sandblasted surface may also be a factor 
in retarding the rate of oxidation. 


(7) Nickel Plating 

Chemically plating with nickel undoubtedly 
acts only in a protective manner. Nickel is one 
of the few common metals that possess high re- 
sistance to oxidation, and when a thin plate is 
applied compactly and uniformly to the iron sur- 
face, it tends to retard the rate of oxidation of the 
iron during the scale formation period. 


(8) Commercial Applications 

Oxidizing acids can be used in enameling plants 
although they possess the disadvantage that 
sludges often form on the surface of the ware 
necessitating mechanical or hand scrubbing of 
each piece. 

Sandblasting is practiced to a considerable ex- 
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tent at the present time on certain large or heavy 
gage parts, but it is an expensive operation and 
is unsuitable for parts of light gage. 

Chemically plating with nickel seems to be the 
most practical method of the three mentioned for 
enameling plant use. It is inexpensive and fits 
into the regular procedure with but little addi- 
tional handling. Being a plating treatment, this 
operation must be carefully controlled or injuri- 
ous results will be obtained. The nickel layer 
must never be allowed to deposit too thick or in a 
loose, spongy manner. Temperature control, time 
of immersion, and py value are important. 


Vil. Summary 

Lightly cold-rolled sheet iron with no further 
treatment, and the same after etching in dilute 
nonoxidizing acids, shows considerable scale after 
fusion of the ground coat. At the normal stage, 
this scale is in solution in the glass. Sheet iron 
etched in dilute oxidizing acid solutions, sand- 
blasted, or given a very thin plate of nickel, shows 
smaller amounts of initial scale after fusion and 
therefore less ferrous oxide in solution in the glass 
at the normal stage. 

Excellent adherence seems to result when the 
amount of ferrous oxide dissolved in the glass at 
the normal stage is not excessive. 

Iron surfaces can be made more resistant to 
oxidation (a) chemically by the use of oxidizing 
acids, (6) mechanically by sandblasting, and (c) 
protectively by the use of thin nickel plates. Of 
these three methods, chemically plating with 
nickel is the most suitable and least expensive 
generally for use in enameling plants. 
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ELASTIC AND VISCOUS PROPERTIES OF SEVERAL SODA-SILICA GLASSES 
IN THE ANNEALING RANGE OF TEMPERATURE* 


By Ne.son W. Tayior Paut S. Dear! 


ABSTRACT 


Measurements have been made on “‘stabilized’’ glass fibers of five compositions in the 
system soda-silica, at several temperatures in the annealing range, to obtain the vis- 
cosity, Young’s modulus for instantaneous and total elasticity, and the rate of delayed 
elastic distortion for each glass. Values for the activation energy for viscous flow and 


delayed elastic distortion have been derived from the temperature coefficients. 


An ionic 


theory of the elastic and viscous processes and a discussion of binding energies in the 


system soda-silica are presented. 


|. Introduction 


The viscous properties of glass, to a large ex- 
tent, dominate many of the problems of manu- 
facture. Among the fundamental physical prop- 
erties of glass, one of the most important, there- 
fore, is its flow characteristics. 

In this country, the work of Lillie,’ using the 
fiber elongation method, has been outstanding in 
viscosity studies on glass in its nearly “‘rigid’’ 
condition. Several investigators have recently 
used the fiber elongation method to study the 
flow relations of various glasses at temperatures 
near their softening interval. In this connection, 
the work of Volarovich and Leontieva’? on quartz 
glass, of Bair* on lead oxide-silica glasses, and of 
Taylor, McNamara, and Sherman‘ on a soda- 
lime-silica glass may be cited. From the work of 
these investigators, it appears that the flow re- 
lations of other glass-forming systems at tempera- 
tures near their softening interval are worthy of 


further study. 
It should be emphasized that the past thermal 
history (of the glass) and the time element are 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (Glass Division). 

+ Submitted in partial fulfillment of the requirements for 
the degree of Master of Science, The Pennsylvania State 
College, 1937. 
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important factors to be considered in testing the 
physical properties of glass. This has been 
pointed out by Lillie,’ Littleton,’ and Morey.° 
These factors will be taken into consideration 
during the present investigation. 

Before proceeding to a detailed description of 
the investigation, it seems advisable to define 
certain terms pertinent to the experiments and 
discussions which follow. 

An elastic body may be defined as one which 
returns to its original shape after the removal of 
an externally applied distorting force; since this 
definition does not contain time as a variable, the 
elastic effect may be either sudden, or delayed, 
or any combination of the two. 

A viscous body may be defined as one which is 
deformed continuously at a constant rate under 
the influence of an external force. Upon removal 
of the force, a permanent deformation exists, the 
magnitude of which is proportional to the magni- 
tude of the applied external force and to the dura- 
tion of its application. 

Elastico-viscous properties, then, are those prop- 
erties which arise from a combination of elastic 
and viscous effects consistent with the above defi- 
nitions. The terms elastic distortion, viscous 
flow, and elastico-viscosity, when used in this 
paper, will conform to these definitions. 

The term, stabilized glass, may be defined as 
a glass whose uncertain thermal history has been 
removed by thorough heat treatment at the tem- 
perature of the test until (insofar as present lab- 
oratory methods permit of disclosure) it has as- 
sumed the equilibrium property values character- 
istic of the glass at that temperature. 


5J. T. Littleton, “Critical Temperatures in Silicate 
Glasses,’’ Ind. Eng. Chem., 25 |7| 748-55 (1933); Ceram. 
Abs., 12 [10-11] 360 (1933). 

*G. W. Morey, “Constitution of Glass,’’ Jour. Amer. 
Ceram. Soc., 13 [11] 315-28 (1934). 
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Elastico-viscous flow of glass is by no means a 
newly observed phenomenon. Michelson’ dis- 
cussed these effects and from torsional tests ar- 
rived at an empirical expression which Stott* ap- 
plied to glass rods subjected to longitudinal ten- 
sion. In his flow studies, Bair* derived an em- 
pirical equation relating elongation and time 
during the delayed part of the elastico-viscous 
flow. Continuing the flow studies of Bair, the 
elongation rate data were analyzed into three 
parts by Taylor, McNamara, and Sherman,‘ 
who pointed out the significance of the rate con- 
stant for the delayed elastic distortion. 

With the above background in mind, fibers 
drawn from several different glasses in the system 
sodium oxide-silica have been “‘stabilized’’ and 
subsequently subjected to longitudinal tension. 
The resultant elastico-viscous effects have been 
analyzed and discussed. 


ll. Composition of Glasses Studied 

Five commercially melted glasses’ in the system 
NazO-SiO,-SiO, were available for the experiments 
to be described later in this paper. The com- 
positions of these glasses are shown in Table I. 
The composition of glass X is not included, but 
its composition falls between that of glasses SSC 
and No. 2. 


TABLE I 
CHEMICAL COMPOSITION OF GLASS FIBERS 
Na:O SiO» Ratio 
Glass (wt. %) (wt. %) NazO/SiO: 
Ssc 33.02 65.66 1:1.988 
No. 2 27.84 70.89 1:2.546 
Ss 23 . 46 75.83 1:3.232 
No. 1 19.84 79.00 1:3.981 


The glass compositions fall within a limited 
region of the field between the end members of 
the binary system, Na,O-SiO,-SiO,. The lower 
limit of SiOs is fixed at about 1Na,0:1.5SiO, by the 
tendency of the resulting glass to devitrify. 
The upper limit of SiO; is governed by the high 
temperature necessary for proper melting of the 
glass and the relatively high temperatures neces- 
sary to study the properties pertinent to this in- 
vestigation. 

7A. A. Michelson, “‘Laws of Elastico-Viscous Flow,” 
Jour. Geol., 25, 405 (1917). 

V.H. Stott, “Viscosity of Glass,”” Jour. Soc. Glass 
Tech., 9, 207-25 (1925); Ceram. Abs., § [2] 47 (1926). 

(6) V. H. Stott, “Viscous Properties of Glass,” Jour. 
Soc. Glass Tech., 10, 424-34 (1926); Ceram. Abs., 6 [6] 
214 (1927). 

* Donated through the courtesy of the Philadelphia 


Quartz Co., Philadelphia, Pa.; analyses furnished by 
Daniel B. Curl. 
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lll. Preparation of Glass Fibers 

The commercially melted glasses were crushed 
to pass a 10-mesh sieve. Tramp iron was re- 
moved by a strong magnet. Approximately 25 
grams of prepared cullet from each glass was re- 
melted in a platinum crucible within a platinum- 
wound resistance furnace. The temperature was 
held above 1400°C for three hours, followed by a 
one-hour treatment above 1475°C to complete 
the fining. It was necessary to fine the high 
silica glass, No. 1, at a higher temperature of 
1575°C in order to acquire homogeneity. 

The glass melt was cooled to within the working 
range, and fibers were drawn mechanically from 
the center of the melt. The drawing bait was 
raised vertically by a cable passed over a pulley 
and attached to the shaft of a speed reducer. 
With a cable speed of 1.5 feet per minute excellent 
fibers, approximately 8 feet in length, were ob- 
tained from each melt. 

From these fibers approximate 25-centimeter 
lengths, whose average diameters were approxi- 
mately 0.070 + 0.002 centimeter as determined 
by micrometer calipers, were selected. These 
selected fibers were sorted further by immersion 
in a solution of CsHs and CS, whose refractive 
index matched that of the glass. Only those 
fibers which were free of cords, seeds, and other 
inhomogeneities were selected for the experiments. 
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IV. Description of Apparatus 

The apparatus used in the experimental work 
was like that described by Norton” and used by 
several investigators for the determination of the 
viscosity of glasses at relatively low temperatures 
(see Fig. 1). 

The furnace consisted essentially of a heavy- 
walled stainless steel furnace tube wrapped with 
mica tape and wound with nichrome wire. The 
furnace was covered with high temperature pipe- 
cover insulation. The furnace winding was 
divided into three separate parts so that the tem- 
perature gradient along the length of the furnace 
could be accurately controlled by adjusting the 
current through each separate part. The average 
temperature of the furnace was maintained auto- 
matically at a constant value by the change in 
length of the furnace tube. The expansion and 
contraction of the furnace tube was magnified 
about fifty times by a lever arrangement which 
alternately opened and closed contacts, alternately 
disconnecting and connecting a resistance in 
parallel with the main current regulating rheostat, 
and allowing accurate mean temperature control. 
For instance, over long periods of time the aver- 
age temperature could be maintained within 
limits of = 0.4°C of the mean average tempera- 
ture. The temperature, moreover, at any point 
along the length of the test specimen could be 
maintained within + 0.25°C of the average 
temperature. 

The temperatures were recorded at frequent 
intervals by means of three standardized chromel- 
alumel thermocouples located very near the top, 
center, and bottom of the test fiber, and con- 


% F. H. Norton, “New Apparatus for Measuring the 
Viscosity of Glass,”’ Glass Ind., 16 [5] 143-44 (1935); 
Ceram. Abs., 14 |7] 160 (1935). 


nected to a Leeds and Northrup type K 
potentiometer. 

The accurately calipered homogeneous fiber of 
known length and uniform diameter was beaded at 
each end to accommodate the socket-like hangers. 
The fiber was suspended in the furnace by resting 
the upper hanger on a rigid frame-work at the 
top of the furnace. The lower hanger, to which 
the required weights could be attached, projected 
from the bottom of the furnace. The changes in 
length of the test fiber were measured by means 
of a traveling microscope rigidly attached to the 
rigid base of the furnace. By sighting the micro- 
scope cross-hair on a fine scratch on the lower 
hanger, changes in length of the fiber could be 
measured to 0.0002 centimeter. 


V. Experimental Procedure 

Each fiber was tested in a manner similar to 
that employed by recent investigators of elastico- 
viscous flow relations in glass.'"' The fiber under 
test was suspended within the furnace with the 
load of the lower hanger acting upon it until the 
rate of elongation became constant and remained 
so for a considerable period of time. It is felt 
that such heat treatment effectively stabilized 
the glass fiber at the temperature of test, since the 
elongation vs. time curves were reproducible after 
such treatment. 

After stabilization was considered complete, a 
suitable weight was attached to the lower hanger, 
and the resulting rate of elongation was measured 
with the traveling microscope until the rate again 
became constant. The weight was removed and 
the rate of contraction was measured until elastic 
recovery was complete. Weights were varied 
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11 See footnotes 3 and 4, p. 296. 
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from 100 to 1000 grams, depending upon the 
temperature of test. The time intervals between 
readings were varied in accordance with flow 
rates, viz., short intervals for fast rates and long 
intervals for slow rates of flow. 

A typical curve, depicting the progress of the 
flow during this experiment is shown in Fig. 2, 
where the ordinates are overall elongations and 
the abscissas are the corresponding times. The 
cycle of flow may be traced as follows: the 
fiber is heat-treated at the temperature of test 
until a constant rate of flow, AB, is attained. 
Upon application of load to the stabilized fiber, an 
instantaneous elastic elongation, BC, occurs. 
This is followed by a combination of delayed 
elastic elongation and true viscous flow which re- 
sults in an elongation curve, CD, whose rate de- 
creases until it attains finally a constant value, 
KDE. Upon removal of load, an immediate 
elastic contraction, EF, occurs. This is followed 
by a period, FG, during which the delayed elastic 
contraction opposes the true viscous flow owing 
to the load of the lower hanger. The resulting 
curve, FGH, shows a rate which decreases through 
zero and is followed by the attainment of the pre- 
vious constant rate of elongation (LGH parallel 
to AB). It should be emphasized that the elastic 
effects are completely reversible and reproducible. 

The effect of temperature on the overall elonga- 
tion-time curve is shown in Fig. 3. It is to be 
noted that the instantaneous elastic elongation 
increases as the temperature of test is increased, 
and the time necessary for the delayed elastic 
distortion to be completed becomes shorter as the 
temperature is raised. 


Vi. Analysis of Data 
The overall elongation-time data may be re- 
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solved (Fig. 4) into three component parts, (1) an 
immediate elastic elongation, completed very 
rapidly, (2) a delayed elastic elongation, proceed- 
ing more slowly and approaching its limiting value 
asymptotically, and (3) a viscous flow, proceeding 
at a constant rate. The magnitudes will depend, 
of course, upon the composition of the glass, the 
temperature, and the applied load. 

In terms of these components, the overall 
elongation at any time is given by their sum as 
expressed in the following formula‘: 


E, = 1+4(1 — e) + bt 


= overall elongation at time, /. 


Where E, 
I = instantaneous elastic elongation. 
l, 
e 
k 


= total delayed elastic elongation. 
= base of natural logarithms. 
= rate constant for delayed elastic process, or 
fractional change in unstretched length 
per unit of time. 
time. 
k, = constant rate of viscous flow. 

The rate of viscous flow, &,, was determined by 
application of the theory of least squares to the 
latter part of the overall elongation-time curve, 
i.e., after the delayed effect was completed. De- 
termination of k, was necessary for the calculation 
of viscosity. 

The curve representing the delayed elastic 
elongation could be readily obtained by subtract- 
ing the viscous flow and the instantaneous elastic 
elongation from the overall elongation. Ap- 
plication of the least squares theory to the resul- 
tant data permitted calculation of the rate con- 
stant, k, for the delayed elastic process. A check 
of the method will be discussed later. 


Vil. 


(1) Viscous Flow 
The following formula, experimentally verified 
by Lillie“ and others, was used in calculating 


the viscosity: 


Results of Experiments 


_ MgL 
x Dt, 


Where 7 = viscosity (c.g.s. units or poises) 
Mg = applied load (dynes). 
L_ = length of fiber (cm.). 
D = diameter of fiber (cm.). 
k, = rate of elongation (cm./min.). 

It should be emphasized that &, is the constant 
rate of viscous flow obtained after the delayed 
elastic effect is complete. 

The viscosity values calculated from the ex- 
perimental data are given in Table II, the indi- 
vidual values being within 5% of the average 
values reported. 


| | | 
| | 
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Taste II 
Viscosity or “STABILIZED”’ GLASSES AS A FUNCTION OF 
TEMPERATURE 
Glass SSC 
Temp. Viscosity 
ec (poises) 10*/T 
427.8 1.6 X 10** 1.427 
446.6 7.6 X 10% 1.389 
456.0 2.1 X 10" 1.372 
459.1 1.4 X 10" 1.366 
466 .0 4.6 X 10" 1.353 
471.0 2.2 X 10" 1.344 
Glass X 
435.0 9.5 X 10% 1.412 
442.9 3.6 X 10" 1.397 
452.5 8.6 X 10" 1.378 
469.8 5.8 X 104 1.346 
Glass No. 2 
427.7 6.8 X 10" 1.427 
442.2 6.4 X 10% 1.398 
446.8 3.7 X 10% 1.389 
452.5 1.5 X 10" 1.378 
455.9 1.0 10 1.372 
459.2 6.7 X 10" 1.366 
466 .0 2.4 X 10" 1.353 
471.0 1.3 X 10" 1.344 
Glass SS 
442.2 1.2 X 10" 1.398 
446.8 6.6 X 10" 1.389 
452.5 2.7 X 10" 1.378 
456.0 2.1 X 10" 1.372 
459.3 1.3 X 10" 1.365 
466.0 5.0 X 10" 1.353 
471.5 2.8 X 10% 1.343 
Glass No. 1 
442.4 8.2 <X 10" 1.398 
447 .0 3.7 X 10% 1.389 
452.5 1.8 X 10** 1.378 
456.0 1.1 X 10** 1.372 
459.3 7.1 X 10% 1.365 
466 .0 2.6 X 1.353 
471.2 1.6 X 10% 1.344 


Figure 5 shows graphically the relation be- 
tween logwn and 1/T over the temperature 
range employed. For any glass the plot may be 


VISCOSITY 


(Viscosity) AS FUNCTION OF (4...) 
} 


135 137 Ye xio? 139 


Fie. 5. 


Taylor and Dear 


lass"; @593C) 
lass *2 (447C) 


(Log Seale) 


Ratio 
q 
V4 


\ | Chass #55 (456°C) 
Glass*2 (45590) | 
ool 
© i 5 5 6 
TIME (rnin) 
Fic. 6. 


represented very closely by a straight line of the 
form, 


Logey = A +B. 


It is to be noted that the slope, A, for the vari- 
ous glasses is nearly constant over the range of 
compositions studied. A re-plot of Bair’s viscosity 
values* for a series of lead oxide-silica glasses, 
using the same ordinate and abscissa representa- 
tion, shows quite similar parallelism. 

A similar parallelism in electrical conductivity 
property curves has been observed by Seddon, 
Tippet, and Turner.'* Quoting these investi- 
gators, 

“It appears that the main portion of the graph obtained 
(plotting log specific resistance against 1/7) is, for the 
sodium metasilicate-silica glasses, approximately a straight 
line, as it is for other glasses examined by several investi- 
gators previously. The graphs for the different glasses 
are approximately parallel.’’ 


The slopes, A, of the login against 1/7 plots 
are shown in Table III, with additional data 
gathered from other comparatively recent studies. 


(2) Delayed Elastic Efect—Rate Constants 

As previously explained, the delayed elastic 
component of the overall elongation-time curve 
may be readily obtained. In Fig. 6 (inset), /, is 
the total delayed elastic elongation; / is the dis- 
tance. from equilibrium at time, ¢. If di/dt is 
the rate of elongation at time, /, it can be shown 
that for a stabilized fiber d//di = kl. 


12 E. Seddon, E. J. Tippet, and W. E. S. Turner, “‘Elec- 
trical Conductivity of Sodium Metasilicate-Silica Glasses,’’ 
Jour. Soc. Glass Tech., 16, 450-77 (1932); Ceram. Abs., 12 
[7] 257 (1933). 
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TaBLe III 
TEMPERATURE COEFFICIENT OF VISCOSITY OF SEVERAL Types or GLASSES 


4 login 
x 108 A 
ype Range of Individual Mean 
of glass viscosity value value 
Quartz glass (Volarovich and Leontieva)* 10**—10#* poises 41.7 41.7 
Soda-lime-silica (Lillie) ** 10*2-10"* poises 3} 35.3 
Soda-lime-silica (McNamara)t 10!2-10"* poises 33.6 
(ss; 1 glass 33.4 
SS glass 31.5 
Soda-silica (present investigation) 10-10" poises { No. 2 glass 32.6 33.0 
X glass 33.8 
SSC glass 33.9 
No. 30 glass 31.8 
Lead-silica (Bair)? 102-10" poises 32.7 
| No. 60 glass 35.6 


* See footnote 2, p. 296. 
** See footnote 1 (5), p. 296. 
t See footnote 4, p. 296. 
t See footnote 3, p. 296. 


Integration of this expression gives 


l 


Logie i, = t or, removing logarithms, 
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The rate constants, k, were determined from 
the delayed elastic elongation-time data for the 
various glasses at each temperature of test by 
application of the method of least squares. If 
these equations are satisfactory, a plot of logy 
l/l, versus t should give a straight-line relation. 
Figure 6 shows graphically the efficacy of these 
equations. 

Table IV gives the values of the rate constants 
for the various glasses in the temperature range 
of the experiments. 


(3) Rate Relations 

The quantitative relation between the rate 
constants, k, and the corresponding absolute 
temperature, 7, is given by the equation, 


loge k _ a: 
aT RT? 


Where A = a constant with dimensions of energy, and 
represents .energy of activation of rate- 
controlling process. 


Integrating this expression between limits and 
passing to Briggsian logarithms gives 


Logie ke = (7 
23R\T) T: 


Accordingly, plotting the logarithms of the 
rate constants against the reciprocals of the corre- 


sponding absolute temperatures should give a 
straight line whose slope permits the calculation 
of the energy of activation. Such a plot is shown 
in Fig. 7. 

Calculation of the energy of activation, A, for 
the various glasses gives the following results (see 
page 302): 


TaBLe IV 


RATE CONSTANTS FOR DELAYED ELastic DISTORTION AS A 
FUNCTION OF TEMPERATURE 


Glass SSC 
Temp. Rate 
(°C constant (k) 10*/T 
427.8 —0.079 1.427 
446.6 — .62 1.389 
456.0 —1.4 1.372 
Glass X 
435.0 —0.14 1.412 
442.9 — .30 1.397 
452.5 — .86 1.378 
Glass No, 2 
427 .7 —0.052 1.427 
442.2 — .21 1.398 
446.8 — .39 1.389 
452.5 — .69 1.378 
455.9 — .8 1.372 
Glass SS 
2.2 —0.10 1.398 
446.8 — .20 1.389 
452.5 — .35 1.378 
456.0 — .58 1.372 
459.3 — .79 1.365 
Glass No. 1 
2.4 —0.010 1.398 
447 .0 — .017 1.389 
452.5 — .085 1.378 
456.0 — .058 1.372 
459.3 — 1.365 
466.0 — .27 1.353 
471.2 — .52 1.344 


Constant 
DeLaveo ELAsTiC Process a. | 
AS Function oF Glass 
i3s iv Ta Tas 
Prati? 
Fic. 7 
Glass A(cal./N) 
SSC 105,000 
x 106,000 
No. 2 106,000 
SS 122,000 
No. 1 153,000 


The quantity N = 6.06 X 10* represents the Avogadro 
number of elementary processes occurring. 

A value of 160,000 cal./N was found for the 
soda-lime-silica glass studied by Taylor, McNa- 
mara, and Sherman.‘ 

A similar caiculation of an energy term from 
the approximately constant slope of the logiw7 
against 1/7 curves results in an approximately 
constant value of 150,000 cal./N for the soda- 
silica glasses. 

The delayed elasticity process appears to be 
considerably more sensitive to composition than 
the process of viscous flow, as shown by the trend 
in activation energy. 


(4) Relaxation Time 
The relaxation time is that time necessary for 


(Giass*2 


(Los Scace) 


LOG RELAXATION Time 
AS Function oF 
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the delayed elasticity to decay to 1/e of its 

original value, i.e., to approximately 40%. That 

is, / becomes /,/e and the equation reduces to 
l/e = e&*, 


from which ¢ = relaxation time = —1/k. 


This definition is essentially that given by 
Clerk Maxwell. 

The calculated values of the relaxation times are 
given in Table V and shown graphically in Fig. 8. 


TABLE V 
RELAXATION TIME AS A FUNCTION OF TEMPERATURE 
Glass SSC 
Temp. Relaxation 
(°C) time (min.) 10°/T 
427.8 12.7 1.427 
446.6 1.6 1.389 
456.0 0.7 1.372 
Glass X 
435.0 7.1 1.412 
442.9 3.3 1.397 
452.5 1.2 1.378 
Glass No. 2 
427.7 19.2 1.427 
442.2 4.8 1.398 
446.8 2.6 1.389 
452.5 1.5 1.37 
455.9 1.2 1.372 
Glass SS 
442.2 10.0 1.398 
446.8 5.0 1.389 
452.5 2.9 1.378 
456.0 1.9 1.372 
459.3 1.3 1.365 
Glass No. 1 
442.4 100.0 1.398 
447.0 59.0 1.389 
452.5 28.6 1.378 
456 .0 17.2 1.372 
459.3 9.1 1.365 
466 .0 3.7 1.353 
471.2 1.9 1.344 


It is to be noted that for a given temperature 
the relaxation time increases considerably with 
increase of SiO, content; and, for any given re- 
laxation time, the necessary temperature is higher 
as the SiO, content is increased. 

The relaxation time may be compared qualita- 
tively with the “half-life period” of radioactive 
decay, except that in this latter case the quantity 
is reduced to '/; rather than 1/e of its original 
value. 

It may readily be seen from an inspection of 
Fig. 8, which is a semilogarithmic plot, that at 
room temperature relaxation times will be of the 
order of millions of years. Consequently no 
soda-silica glass (within the range of composition 
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studied) can be considered stabilized at room 
temperature. On the other hand, at high tem- 
peratures where the viscosity is low, the relaxation 
times will be extremely short, very small fractions 
of a second, and only detectible by high-frequency 
electrical methods. 


(5) Young's Modulus 

Another striking feature, brought out in a pre- 
vious investigation,‘ and verified herein, is the 
relation between Young’s modulus and the tem- 
perature. Table VI contains the values of the 
modulus, £, (calculated from the instantaneous 
elastic elongation) and E, (calculated from the 
total elastic elongation). 


TaBLe VI 


Younc’s Moputus BAsep ON INSTANTANEOUS (£)) AND 
Tora. Ecastic EXTENSION 


Glass SSC 
Temp. 

(°C EB: 
427.8 3.8 X 10° kg./mm.? 2.3 X 10* kg./mm.? 
446.6 2.7 X 10° 2.1 X 10 
459.0 2.2 X 10° 2.2 X 10 

Glass X 
435.0 3.7 X 108 2.4 X 10° 
442.9 3.3 X 108 2.4 X 10' 
452.5 2.3 X 10° 2.3 X 10? 
Glass No. 2 
427.8 4.4 X 10 2.8 X 10 
446.8 3.3 X 10° 2.6 X 10 
459.0 2.8 X 10' 2.5 X 10 
466 .0 2.3 X 10° 2.3 X 10 
Glass SS 
442.2 4.0 X 10° 2.8 X 10° 
446.8 3.6 X 10° 2.7 X 10 
456 .0 3.2 X 10° 2.6 X 10° 
459.0 2.9 X 108 2.8 X 10! 
466 .0 2.5 X 10° 2.5 X 108 
Glass No. 1 
442.4 4.0 X 108 2.3 X 10° 
452.5 3.7 X 108 2.4 X 10° 
459.0 3.1 X 10° 2.3 X 10? 
471.0 2.8 X 10° 2.3 X 10° 


A study of Table VI verifies the observation 
that Young’s modulus depends upon the time. 
If the delayed elasticity be taken into considera- 
tion, it appears that the value of Young’s modulus 
is independent of the temperature. It will be 
noted that the two calculated values of Young’s 
modulus become equal at the higher temperatures 
where there is no apparent delayed elasticity. 


Vill. Discussion of Results 


The ‘transformation points” of a comprehen- 
sive series of sodium metasilicate-silica glasses 
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have been reported previously by Turner and 
Winks" and by Seddon, Tippet, and Turner.'* 
The observed discontinuities were based on dy- 
namic methods. The glasses of the present in- 
vestigation are closely related in composition to 
several of those used in the experiments noted 
above. When the delayed elasticity is taken into 
consideration in viscosity calculations, however, a 
plot of login against 1/7 shows no discontinuity 
at temperatures near the ‘‘transformation point” 
for the various glasses. 

The apparent disappearance of the delayed 
elastic effect at temperatures near the ‘‘trans- 
formation point’’ indicates that for every glass 
there exists a temperature at which and above 
which equilibrium rearrangements can be rapidly 
attained. Below this temperature the lag, or 
time element, becomes evident, its effect being 
more pronounced the lower the temperature. 
This is shown by the markedly lower values of 
the rate constants and the longer relaxation 
times as the temperature is lowered. The “‘trans- 
formation point’’ is, therefore, merely that tem- 
perature at which equilibrium is established 
rapidly. 

The parallelism in logy against 1/7 curves 
indicates that the process of viscous flow is con- 
trolled by some factor common to the series of 
glasses. Logically, the controlling factor would 
seem to be the rupture of the weakest link in the 
structure. If the random network hypothesis 
be accepted, the weakest bond is the Na-O. It 
is postulated that the viscous flow is governed by 
the series of Na—O bond ruptures proceeding at 
a rate characteristic for the applied load and for 
the temperature of test and resulting in an ir- 
reversible displacement. 

The instantaneous elastic effect is probably due 
to an elongation of the framework as a whole. 
As the temperature of test is raised, a larger frac- 
tion of total elastic elongation can be observed 
instantaneously, because of the increased thermal 
agitation. Finally, at temperatures near the 
so-called ‘‘transformation point,’ the elastic 
distortion is effectively all instantaneous. This 
accounts for the approach of Young's ‘‘instantane- 
ous’ modulus to the value calculated on the basis 
of total elastic distortion. 

The delayed elastic distortion appears to be 


1° W. E. S. Turner and F. Winks, ‘‘Thermal Expansion 
of Sodium Metasilicate-Silica Glasses,”’ Jour. Soc. Glass 
Tech., 14, 110 (1930); Ceram. Abs., 9 [9] 721 (1930). 
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more sensitive to composition than the viscous- 
flow process. This is shown by the increased 
slope of the logy & vs. 1/T curves as higher SiO, 
contents are encountered. The data on relaxa- 
tion time also show the effect of composition. 
Reference has been made to findings of Seddon, 
Tippet, and Turner"’ that plots of log specific 
resistance against 1/7 for several soda-silica 
glasses were approximately parallel. The activa- 
tion energy (2.303 RA) for conduction is 25,000 
to 30,000 calories per mol, that is, per Avogadro 
number of elementary processes. From our vis- 
cosity data we find activation energies of about 
150,000 calories per mol. These bear a 1:6 or 
1:5 ratio. Since the elementary process in 
conduction in all probability is the “breaking” 
of a Na-O bond to permit movement of Na* to- 
ward the cathode, we may perhaps conclude 
that the elementary process in viscous flow in- 
volves the coéperation of 5 or 6 such ‘‘breaks”’ 
more or less simultaneously. The possibility of 
such a coéperative effect was mentioned in the 
paper of Taylor, McNamara, and Sherman.‘ 


IX. Summary 

Using an experimental method employed by 
Lillie and other investigators, elongation rate 
data have been obtained on several soda-silica 
glasses subject to longitudinal tension at tem- 
peratures in the annealing range. These glasses 
were stabilized, that is, their properties had reached 
a steady state prior to testing. The data have 
been analyzed into the following simultaneously 
occurring elastico-viscous effects: (1) instantane- 
ous elastic distortion, (2) delayed elastic distor- 
tion, and (3) pure viscous flow. Under isother- 
mal conditions, the equation for the whole elonga- 
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tion at any instant is expressed by 
E, =I — + bet. 


Viscosity coefficients have been evaluated for 
these glasses in the range 10" to 10" poises. 
The temperature coefficients of viscosity lead 
to an activation energy of about 150,000 cal. per 
mol, for each glass. A comparison of this quan- 
tity with that for electric conductivity on these 
glasses (18,000 cal./mol) indicates that a co- 
operation of about 8 times as many Na-—O bonds 
to be “‘broken’’ in viscous flow as in electric con- 
duction must occur. 

For the delayed elastic process, the rate of 
stress release is proportional to the stress, as 
suggested by Clerk Maxwell. The rate constants 
have been evaluated and also their reciprocals 
(the ‘relaxation times’). The temperature co- 
efficients of these rate constants lead to activation 
energies of 105,000 to 150,000, the higher ener- 
gies being for glasses higher in silica. 

Values of Young’s modulus of elasticity have 
been computed from the instantaneous distortion 
and from the total elastic distortion. While the 
former decreases with rising temperature, the 
latter appears to be independent of temperature 
in the range studied. This was found to be the 
case in the NagO-CaO-SiO, glass studied by 
Taylor, McNamara, and Sherman.‘ 

The results of the investigation indicate that 
the so-called “‘transformation point’’ is merely 
the temperature at which internal equilibrium is 
rapidly established. There appears to be no dis- 
continuity in properties between a viscous liquid 
and a stabilized glass. 
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EFFECT OF HEAT TREATMENT ON THE THERMAL EXPANSION OF 
SOME SILICA-ALUMINA GLASSES* 


By C. L. THompson anv C. W. PARMELEE 


ABSTRACT 


Glasses made from Florida kaolin and quartz so that the compositions lie in the field 
in which mullite is the primary phase showed characteristic changes in their thermal 
expansion when heated. These may be due in part to stresses in the glass and in part 
to the crystallization of submicroscopic mullite. 

Cristobalite or tridymite also crystallized from the glasses when they were heated 


to 1230°C. 


|. Introduction 


(1) Purpose 

The investigation was undertaken to determine 
the effect of varying heat treatment on the thermal 
expansion characteristics of glasses composed 
chiefly of alumina and silica. 


ll. Experimenta! 


(1) Preparation of Glasses 

The glasses were compounded from fine quartz 
that was separated by water sedimentation from 
Ottawa (Illinois) quartz flint and “EPK”’ brand 
Florida kaolin. The raw materials were mixed 
as a slip, dewatered in small plaster vats, and 
dried. 

The compounded mixtures were fused to glasses 
in covered Alundum crucibles in a gas-fired 
Volcano furnace and cooled from the maximum 
temperature by quenching in water. In all 
cases, an attempt was made to use a temperature 
approximately 50°C above the liquidus tempera- 
ture of the mixture. The fusions were ground and 
re-fused two or three times, until microscopic 
examination showed them to be free from crystals 
and of a fair degree of homogeneity. 


(2) Chemical Analyses 

The silica content of each glass was determined 
by using a sodium carbonate fusion to decompose 
the glass, a single dehydration of the silica with 
perchloric acid, and volatilization of the silica 
with hydrofluoric acid. The R,O; content of 
several of the glasses was determined by using 
a double precipitation of the hydroxides in the 
customary manner. 


* Presented at the Thirty-Eighth Annual Meeting, 
American Ceramic Society, Columbus, Ohio, March 31, 
1936 (Refractories Division). P<rvised copy received 
April 26, 1937. 


(3) Thermal Expansion 


The thermal expansions of the glasses were 
determined by the Fizeau-Pulfrich interferometer 
method. In most cases, four determinations 
were made on each glass, using (a) the water- 
quenched sample, (6) the same specimens without 
removing them from the thermal expansion 
furnace, (c) the same specimens after they had 
been held at a temperature of 1000° = 30°C for 
44 hours, and (d) other specimens that had been 
held at 1000° + 30°C for 115 hours. 

Expansion determinations from room tempera- 
ture to 300°C were also made on several samples 
that had been heated at 1130° + 20°C and 1230° 
# 20°C for 20 hours. 


(4) Specific Gravity 

The specific gravity of each water-quenched 
specimen was determined by the standard method 
of the American Ceramic Society. The specific 
gravities of several of the specimens, after heat 
treatment at 1000°C, were calculated from the 
specific gravities of the water-quenched samples, 
and the amount of permanent shrinkage caused 
by the heat treatment. The linear changes 
were measured on specimens approximately 
0.5 centimeter long with micrometer calipers. 


(5) Microscopic Examinations 


The index of refraction of each water-quenched 
sample and each sample heat-treated at 1000°C 
was determined by the oil immersion method. 
Samples that were heated to higher temperatures 
were examined for visible devitrification. 


(6) X-Ray Examination 

Diffraction patterns were obtained from several 
samples, both quenched and after heating at 
1000°C, and from glasses No. 2 and No. 5 after 
20 hours heat treatment at 880°C and 930°C. 
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Degrees C 
Fic. 1.—Glass No. 1. 


lil. Results 


(1) Statement of Results 

(a) Chemical Analyses: ‘The partial analyses 
of the glasses are given in Table I. In addition 
to alumina and silica, they contained impurities 
ranging from about 0.3% for the most siliceous 
to 1.3% for the most aluminous. These values 
for impurities were calculated from _ typical 
compositions of the raw materials and included 
iron oxide and titania, which were also included 
in the determined R,O; values. 


Glass No 1 2 3 4 5 6 7 


SiO.(%) 95.1 91.2 87.1 83.1 78.5 73.6 65.9 
R,O(%) 5.1 od. 13.1 17.1 nod. nd. 33.8 


(b) Thermal Expansion: Typical thermal 
expansion curves are. shown in Figs. 1 to 4, 
inclusive. 

It will be noted that on the first run of the 
quenched specimens, expansion ceased at a 
temperature ranging from 700° to 800°C and 


° 
After 115 hours at Ch. | 
x Same specimens, second run 
Water quenched specimens+- 
0 200 400 600 800 1000 


Degrees C 
Fic. 2.—Glass No. 3. 


shrinkage began at a higher temperature, except 
for the most siliceous glass. During the second 
run, the same specimens expanded at a uniform 
rate to a higher temperature than during the 
first test. Specimens that had been heated to 
1000° + 30°C for 115 hours had almost 50% 
greater expansion than the water-quenched 
samples and did not shrink when heated to 
980°C, but they had a slightly smaller rate of 
expansion above 900°C than at lower tempera- 
tures. 


All compositions, with the exception of the 
most siliceous one, exhibited these changes. 
The temperature at which shrinkage first began 
increased with the silica content until it was 
925°C for sample No. 2. In all of the more 
siliceous samples, the expansion below 700°C 
was greater during the first heating than during 
the second, but the reverse was true for the two 
samples having lower silica content. The tem- 
perature at which shrinkage began for the second 
run was not reached for three samples, but these 
samples showed permanent shrinkage when heated 


After 115 hours at 1000 Ch 


After ddhours at 1000°C~},2% 


+ 


| | le 


| Water quenched specimens- 


specimens, second run 
| 


0 200 400 600 800 1000 
Degrees C 
Fic. 3.—Glass No. 5. 


44 hours at 1000°C. The temperatures at which 
shrinkage began are given in Table II. 

Samples of the glasses that were tested after 
20 hours heat treatment at 1230° + 20°C showed 
the typical tridymite or cristobalite discontinuity 
in their thermal expansion curves, and the silica 
devitrification that had occurred during the heat 
treatment was apparent from microscopic exami- 
nation. Other samples that were heated for the 
same length of time at 1130° + 20°C showed no 
discontinuity in their expansion curves and ap- 
peared completely glassy under the microscope. 
Curves are shown in Fig. 5. 
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Fic. 5.—Glasses No. 2 and 5. 


(c) True Specific Gravity: With increases in 
alumina, the true specific gravities of the glasses, 
after heat treatment at 1000°C, showed a pro- 


TaBLe II 
TEMPERATURES AT Wuicn GLasses BEGAN SHRINKING 
Glass First Run Second Run 
No. (°C) (°C) 
2 925 Above 960 
3 860 = 945 
4 825 ¥ 925 
5 825 At 950 
6 820 “ 900 
7 820 885 


gressive increase as compared with those of the 
water-quenched glasses. This is shown graphi- 
cally in Fig. 6. 

(d) Microscopic Examination: The indices 
of refraction of the glasses after heat treatment 
at 1000°C showed increases similar to the in- 
creases in specific gravity, but the values were 
slightly erratic (Fig. 6). These heat-treated 
specimens, when examined under a magnification 
of 720 diameters, were apparently completely 
glassy. 

All compositions, after twenty hours heating 
at 1130° = 20°C, were also apparently com- 


pletely glassy, while after heating for the same 
time at 1230° + 20°C, silica devitrification was 
evident. 

(e) X-Ray Examination: The water-quenched 
glasses gave the broad, diffuse line that is char- 
acteristic of amorphous materials, but samples 
that had been heated for 115 hours at 1000°C 
gave a mullite pattern and a less intense amor- 
phous line. The mullite lines were broad since 
the crystals were submicroscopic, but the number 
and intensity of the lines indicated consider- 
able crystalline material. Only glasses No. 2 and 
No. 5 were X-rayed after heat treatment below 
1000°C; a mullite pattern was obtained from 
glass No. 5 after 20 hours heating at 930°C but 
not after the same time at 880°C. Glass No. 2 
gave only the amorphous pattern in both cases. 


(2) Accuracy of Measurement 

(a) Chemical Analyses: Duplicate determi- 
nations were made, and the results were required 
to check within the limits specified by the Ameri- 
can Society for Testing Materials, except in the 
R,O; determinations for samples No. 1 and No. 7, 
which are the results of single determinations. 

(6) Thermal Expansion: The accuracy of 
the thermal expansion data, with the exception 
of the samples heated to 1230°C, was less than 
usual with ceramic materials because of the low 
expansion of the samples and the resulting small 


Specific Gravity vs Composition 
2.50 + Silica Alumina Glasses man 
A 
2.30 
A —— Water quenched samples 
-~>-~ After |!5hours at 000°C 
Index of Refraction vs Composition ~s 
Silica Alumina Glasses 
1.50 
_ 92 84 76 68 
Silica content 
Fic. 6. 
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number of interference fringes passing during 
atest. The probable accuracy ranges from about 
«5% for sample No. 1 to + 2% for sample No. 7. 

(c) Index of Refraction: The accuracy of the 
determination of index of refraction was +0.003. 


IV. Discussion of Results 

The X-ray patterns showed that the glasses 
whose compositions lie on the alumina side of 
the eutectic in the alumina-silica system con- 
tained sufficient crystalline mullite to give a 
well-developed diffraction pattern after they 
had been heated at 1000°C for 115 hours. It 
is to be expected, of course, that such composi- 
tions would devitrify to mullite and cristobalite 
at some temperature below 1551°C. The nega- 
tive expansion shown by the expansion curves 
suggests that the mullite crystallization may have 
begun at a considerably lower temperature, but 
the lowest temperature for which mullite crystal- 
lization was definitely established in the two 
glasses that were X-rayed after heat treatment 
below 1000°C was 930°C for glass No. 5. There 
are two possible explanations for the negative 
expansion shown in the expansion curve of the 
water-quenched specimens at a_ temperature 
lower than that at which a mullite diffraction 
pattern was obtained, viz., (1) that the shrinkage 
was due to the formation of crystal nuclei that 
were too small to diffract X-rays and (2) that 
the shrinkage was due to the relieving of stresses. 
The glasses were undoubtedly in a_ stressed 
condition in spite of their low expansion, since 
they were quenched in water from a temperature 
above their liquidus. The crystallization of 
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gamma alumina, as occurs in kaolins in this 
temperature range,’ was considered a possibility, 
but there was no X-ray evidence of its presence. 

The indices of refraction and the specific 
gravities of the samples indicated that they con- 
tained approximately their equilibrium content 
of mullite after being heated 115 hours at 1000°C, 
even though the mullite crystals were of sub- 
microscopic size. 


V. Conclusions 

(1) Water-quenched glasses made of kaolin 
and silica ranging in silica content from 66% to 
the eutectic composition show characteristic 
changes in their thermal expansion which may 
be partially due to stresses in the glass and to the 
crystallization of mullite. 

(2) The mullite crystallized from the glasses 
will reach the equilibrium content if the glasses 
are held at 1000°C. 

(3) In addition to mullite, cristobalite or 
tridymite crystallizes from the glasses between 
1130°C and 1230°C. 
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PHYSICAL CHARACTERISTICS AND PROPERTIES OF TEXTILE MATERIALS MADE 
FROM GLASS* 


By Joun H. THomas 


Table I shows representative figures on the 
first 100 hours of a life-time test on one of the 
filter cloths. This cloth was under test 200 hours 
and was removed at the end of that period for in- 
spection. Two hundred hours is, in many cases, 
normal life for a filter cloth. These tests were 
conducted on a small Oliver filter with '/; square 
yard area simulating actual operating conditions. 
Table II gives a tabulation of flow rates obtained 
through various glass filter cloths under 25 inches 


of mercury. 


Total Mois- 
run- Vacuum Solids ture Gr Cak 
ning in. in in Blow- cake/ Effi- 
time mer- slurry cake back ‘'/» hr. ency 
(hr.) cury (%) (%) sqft. (b.) (%) 
2 23 32.25 23.94 20 70 554.40 99.5 
10 20 32.60 30.20 52 60 475.00 99.4 
18 21 36.36 26.51 36 61 483.12 99.1 
26 22'/, 36.40 22.50 30 69 546.48 99.3 
34 21 37.50 25.85 34 66 522.72 99.3 
40 20'/, 39.00 25.60 32 67 530.64 99.6 
46 21'/, 40.00 27.60 36 76 601.92 99.6 
54 21 40.35 26.65 36 72 570.24 99.4 
62 20°/, 41.10 26.70 35 85 673.20 99.6 
69 20'/, 44.00 25.23 35 83 657.56 99.6 
77 20'/, 42.60 26.20 35 79 625.68 98.9 
83 20 44.10 25.90 35 80 633.60 99.7 
91 21 41.80 25.30 37 74 587.00 99.4 
99 21 41.00 26.48 35 75 594.00 98.8 
107 21'/, 41.00 26.80 30 79 625.68 99.5 
Taste II 


Cloth (In.*-H:O-min.-in.* Cloth 


No. 6 = in. head) No. 6 = in. head) 
4A 231 1110 140 
110 340 1110A 115 
120 185 1120 36 
121 128 1130 52 
130 189 1131 OF 
140 149 1140 61 
150 228 1141 95 
160 120 1150 417 
170 476 1151 432 
180 144 1152 486 
180A 106 1153 398 
190 58 1183 172 
190A 110 1240 190 
1100 61 1241 295 
1100A 54 1242 476 


Table III gives a tabulation of tests run to de- 
termine the action of acids on glass filter cloths. 
These tests were run in two ways, (1) the cloth 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (Glass Division). Six tables and two figures are pre- 
sented here; for text material see Glass Ind., 18 [6] 201 
(1937). 


was treated with the acid and a test was taken of 
the tensile strength while still wet, and (2) a sim- 
ilar piece of cloth was treated in the same acid 
bath, but, following the acid bath, it was dried, 
and then the tensile strength test was run after 
fuming on an extremely small percentage of a 
lubricating oil to prevent the fibers from mutually 
scratching each other during the test. The conclu- 
sions at hand (although not definite as more work 
is being conducted along these lines), appear to be 
that the acids increase the strength of the cloths, 
but that the removal of the lubricating oil allows 


Taste III 
Cloth Water HSO HNO (lb./sa, in.) 
1131 230 486 187 430 325 
1100A 225 434 185 181 192 
1140 209 400 380 327 270 
160 198 240 258 220 188 
1152 185 261 168 246 243 


The cloths were held at 180°F for one hour in 50% con- 
centrations of the acids indicated; they were then washed 
and dried over night; the strengths indicated above are 
averages of several tests. 


Tasie [V 
Breakdown 
Thickness voltage/ 
Material (in.) i Impregnation 
Glass 0.009 1190 Methacrylate 
.007 1170 Tornesit 
.018 582 1202 Glyptal 
Cotton .023 424 1202 Giyptal 
Cambric .007 897 
Asbestos .025 128 Glyptal 
.025 73 1202 Glyptal 


These tests were conducted by the short-time dielectric 
strength test for tapes (A.S.T.M. designation D149-36T). 


TABLE V 
Minimum 
bre 
Material Description (ib.) 
Asbestos (0.025 X 1) 80% asbestos; 6% iron 45 
Glass (0.010 X 1) Class A 136 
Glass (0.005 X 1) Class A 127 
Glass (0.015 X 1) Class A 280 
Insulation Resistance 
Tem- 
74.5% 90 
45 
Asbestos 
(0.025 x 1) 0.75 0.225 0.005 100 
megohm megohm megohm 
Glass 
(0.015 X 1) 2000 “ 10 0.325 100 
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for scratching of the individual fibers during test, 
giving results apparently lower. 

As yet it is not practicable to use glass cloth 
under alkaline conditions. Development of suit- 
abie glass compositions, however, is going forward, 
and it is expected that soon glass cloth can be 
recommended for use under all conditions. 

A number of tests have been made with various 
impregnating materials to determine the limits 
at which impregnated tapes and yarns can be 
used. Table VI gives data on the temperatures 


400. 


Fic. 1.—Cotton fibers. 


400. 


Fic. 2.—-Glass textile fiber 


which can readily be withstood by various im- 
pregnations. 


TABLE VI 
250°F 350°F 
Material Impregnation (65 hr.) (200 hr.) 
Asbestos 1201 Glyptal Splits Will not stand 
handling 
Glass 1201 Good flexibility Splits 
Methacrylate Fair flexibility Retains flexi- 
bility 
Tornesit Destroyed by 
heat 
G.E.W.L. 472 Good flexibility Retains flexi- 
bility 
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SOME CHARACTERISTICS OF STEATITE BODIES* 


By L. E. Tutess 


ABSTRACT 


A discussion is given of the characteristics of vitrified steatite bodies containing more 


than 70% talc. 


Several typical compositions have been selected from a series of experi- 


mental bodies and their firing range and other ceramic and physical properties are de- 


scribed. 


1. Introduction 
Steatite bodies may be divided into two groups, 
(1) bodies which are more or less porous such as 
electrical refractories, and (2) vitrified steatite 
bodies which contain over 70% soapstone or talc. 


ll. Definition 

Schwandt? has given the following definition of 
steatite bodies: 

“All materials are called ‘steatite’ if they contain from 
70 to 90% soapstone or talc. After firing, they show a uni- 
form structure of magnesium-silicate crystals.” 

In a recent paper on electrical insulation ma- 
terials, Steger® gives a similar definition. 

“‘Steatite bodies contain talc or soapstone, #.¢., a natural 
hydrated magnesium-silicate as the principal constituent, 
with an addition of feldspar and clay.” 

Albers-Schoenberg* describes steatite as being 
composed of at least 70% talc, the remainder con- 
sisting of such substances which bring about com- 
plete vitrification by eutectic melts and crystal- 
lization. The finished product consists of a densely 
felted structure of a magnesium metasilicate. 


lll. History 

In 1912, the first composition of steatite bodies 
was published’; the body highest in talc content 
was 70% talc, 25% ball clay, and 5% flint. 

The firing temperature was given as cones 6 to 
7. This body is still porous at high temperatures, 
and therefore cannot be considered as true stea- 
tite. 

* Received February 25, 1937. 

1L. E. Thiess, ‘“Steatite Bodies for Ceramic Heating 
Units” (Specksteinmassen, fiir keramische Heizkoerper), 
Sprechsaal, 65 [30] 549-52 (1932); Ceram. Abs., 11 [11] 
575 (1932). 

? E. Schwandt, Construction Materials for High Fre- 
quency Applications (Baustoffe fiir Hochfrequenztechnik) 


pp. 120-37. Published by Hachmeister & Thal, Leipzig, 
1930. 

3 W. Steger, “‘Steatite,”” Electrotech. Z., $7 [17] 471-76 
(1936). 


*E. Albers-Schoenberg, “Insulation Materials of the 
Steatite Group” (Isolierstoffe der Steatitgruppe), #id., 
54 [23] 545-47 (1933); Ceram. Abs., 13 [10] 267 (1934). 

® Anon. Question Box, Sprechsaal, 45 [5] 78 (1912). 
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Singer® published a description of steatite in- 
sulators, together with data on electrical and 
mechanical properties. 


IV. Raw Materials—Compositions—Firing 
Considering the high amount of talc used in 
such bodies, it is obvious that a careful selection 
of this mineral must be made. Talcs high in lime 
(CaO), those with a flaky or foliated structure, 
or those which do not develop plasticity on wet 
grinding are unsuitable. 


V. Experimental 
The following three compositions were chosen 
from a series of 20 bodies, ranging from 70 to 
85% talc. 


I 
Sreatite Bopres 
No. 8 No. 12 No. 13 
(%) (%) (%) 
California talc 86 85 82 
English ball clay 10 13 12 
Potash feldspar 4 2 6 
Taste II 


CHEMICAL ANALYSES OF STEATITE Bopres 
Calculated bodies 
No. 8 


German German 


steatite steatite* (%) (%) (%) 

SiO, 64.13 66.08 63.6 63.5 63.4 

MgO 28.64 27.32 28.5 28.1 27.3 

Al,O; 5.89 5.13 5.7 6.4 6.7 
Alkalis 

(Fe,Os, etc.) 1.60 1.72 2.2 2.0 2.6 

Total 100.26 100.25 100.0 100.0 100.0 


*H. M. Kraner and R. A. Snyder, ‘“‘Mechanical and 
Thermal Shock Test on Ceramic Insulation Materials,”’ 
Jour. Amer. Ceram. Soc., 14 [9] 617-23 (1931); Table II, 
p. 621. 


The chemical compositions of bodies Nos. 8, 12, 
and 13, were calculated from the analyses of the 
raw materials. 


* F, Singer, Ceramics in the Service of Industry and 
Economics (Die Keramik im Dienste von Industrie und 
Volkswirtschaft), pp. 395-407. Vieweg & Sohn, Braun- 
schweig, 1923; Ceram. Abs., 2 [10] 233 (1923). 
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The experimental bodies were ground with 
water in ball mills. It was noted that wet grind- 
ing develops a better plasticity than blunging. 
Owing to the comparatively small amount of clay 
permissible in such bodies, it is obvious that they 
do not possess the same degree of plasticity and 
dry strength as the average whiteware bodies; 
therefore, organic binders, such as gum arabic, 
dextrine, etc., are sometimes added to improve 
their workability. Endell, Fendius, and Hof- 
mann’ have investigated the effect of bentonite 
on porcelain and steatite bodies. Experiments 
made by the writer showed that the plasticity and 
dry strength are considerably increased by small 
additions of bentonite without affecting other 
properties, such as shrinkage, firing range, color, 
etc. 

Steatite insulators are manufactured by the wet 
process (plastic) method, by dust pressing, and 
by casting. In dry-process bodies, a certain 
percentage of the talc is calcined to reduce the 
shrinkage and prevent sticking to the dies. The 
softness and the nonabrasive character of the 
steatite dust causes very little mold wear and 
makes such bodies an ideal material for automatic 
pressing. 


Vi. Glazing and Firing 

The temperature to which steatite bodies are 
fired varies from cones 10 to 1“. The firing is done 
either by the one-fire method (high bisque firing) 
or by the two-fire method (low glost firing). 
There are also instances where steatite pieces are 
first fired approximately to 1000°C to make them 
strong enough for drilling and tapping or other 
finishing operations. The final firing is made at 
cones 10 or 14. 

Two fritted glazes gave satisfactory results for 
glost firing. Glaze A was fired to 950°C and glaze 
B to 960°C. 


Glaze A 


0.184 Al.O; 
0.340 SnO, 


0.210 Na,O ) 
0.290CaO } 2.50 SiO, 
0.500 PbO | | 


Glaze B 


0.683 PbO { 0.230Sn0, \ 27-39 SiO: 


7K. Endell, H. Fendius, and U. Hofmann, ‘“‘Base Ex- 
change of Clays and Molding Problems in Ceramics” 
(Basenaustausch von Tonen und Formgebungsprobleme 
in der Keramik), Ber. deut. keram. Ges., 15 [12] 5905-625 
(1934); Ceram. Abs., 14 [6] 149 (1935). 
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Fic. 1.—Draw trials on steatite body No. 8; 
shrinkage and water absorption. 


1300 400 


firing 


A series of high-fire glazes (cones 12 to 13) was 
also made up as follows: 


0.122-0.233 K,O 0.387-0.517 3.67-4.30 S10, 
0.266-0.339 CaO | l 

+8% SnO, or a zirconium silicate as opacifier. 

Most of these glazes gave a smooth, white 
opaque surface, with some showing excellent 
mechanical strength. 

In Fig. 1, a shrinkage-absorption diagram of 
body No. 8 is shown which is typical for all similar 
compositions. The test pieces consisted of ex- 
truded cylinders, 1'/: inches long and 1 inch in 
diameter. Draw trials from 900° to 1350°C were 
made. One set of test pieces was left in the kiln 
to cool to room temperature. 

Talc bodies have a short firing range, especially 
those which contain about 50% clay. In such 
bodies, the vitrification and fusion temperatures 
are close together (MgO-Al,O;-SiO, eutectic at 
1345°C). The steatite bodies high in talc and 
low in clay have a firing range of 1'/: to 2 cones, 
which is sufficient for firing in closely controlled 
periodic or continuous kilns. 

A cone-fusion test was made on a series of six 
steatite bodies, ranging from 80 to 85% talc, 9 to 
17% plastic kaolin, and 2 to 10% feldspar. At 
cone 12'/, all bodies are still porous; at cone 14 
most of them are vitrified; at cone 15 five of the 


| “ a 
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bodies are fused; at cone 16 only a slag of each 
body is left in the cavity of the fireclay support. 

A thorough study of the chemical, physical, and 
structural changes in tale at different tempera- 
tures was made by Krause.*® 

He found that when tale is heated above 
1000°C a steady growth of clinoenstatite (MgO-- 
SiO.) and cristobalite crystals takes place. 


Vil. Mechanical and Electrical Properties 
The modulus of rupture of steatite bodies Nos. 
8, 12, and 13, when fired to different temperatures, 
is shown in Fig. 2. The test pieces were unglazed 


] 
c 
~< 16000) 
2 | 
3 | 8 
| A 
= 
SS 14000 —______ 
| | 
1300C 
10 iN 12 13 


Cones 


Fic. 2.—Mechanical strength of steatite bodies Nos. 8, 
12, and 13 when fired to different cone temperatures. 


cylinders 1 inch in diameter and 7 inches long, 
which were broken on a transverse testing machine 
over 5-inch supports. 

Recent tabulations of electrical and mechanical 
properties have been given by Albers-Schoenberg, ‘ 
Handrek, *and Thurnauer.” The greater tough- 
ness of vitrified steatite bodies is explained by the 
fact that these bodies consist chiefly of crystalline 
material (magnesium-silicate), while electrical 
porcelain and especially those fired at lower tem- 
peratures consist of from 40 to 60% glass (feld- 


Otto Krause, “Ceramic Magnesium-Silicates” (Uber 
Keramische Magnesiumsilikate), Ber. . keram. Ges., 
10 [2] 94-104 (1929); Ceram. Abs., 8 [9] 666 (1929). 

* H. Handrek, “‘Ceramic Insulation Materials for High 
Frequency” (Keramische Isolierstoffe fiir Hochfrequenz), 
Z. Ver. Deut. Ing., 78 [50] 1441-49 (1934). 

10H. Thurnauer, “Alsimag, a New Ceramic Insulation 
Material for High-Frequency Purposes,” Radio Eng., 15 
[11] 15-16 (1935); Ceram. Abs., 16 [2] 67 (1937). 
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spar-silica glass) and crystalline materials, such 
as mullite and undissolved quartz. 

The coefficient of linear thermal expansion of 
vitrified steatite varies from 7.5 to 8.5 x 10~°. 
These values are considerably higher than for 
electrical porcelain. Therefore, vitrified steatite 
bodies are more sensitive to thermal shock, and 
the cooling of the ware, especially shapes with 
heavy walls, must be carried out with greater care. 
It was also found that steatite insulators devel- 
oped cooling cracks and failure when hot lead 
alloys, used for connecting pins, caps, etc., were 
poured in holes, as is the practice with certain 
types of porcelain insulators. 
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PRACTICAL DE-AIRING* 


By Joun H. IsSENHOUR 


ABSTRACT 


The following points are discussed in this paper: (1) theoretical de-airing: (a) theory 
of colloids, (b) effect of de-aired material on metal, (c) nature of different materials rela- 
tive to de-airing, (d) unequal density, and (e) lamination; (2) drying: (a) rate of drying, 
(6) drying strength, and (c) shrinkage; (3) firing; and (4) practical experiments with 
de-airing from the machine to the finished product, using three different clays and their 


combinations. 


1. Introduction 


(1) Material Worked 

A fine-grain decomposed shale-schist of low 
plasticity is difficult to form. It has approxi- 
mate drying and firing shrinkages of 7% and 3%, 
respectively. Its firing range for good red color is 
from cones 5 to 7. 


(2) First Trial Operation 

From a 6-foot pug mill, the clay was forced 
through a sealing chamber to a second auger that 
forced it through a hollow die to ashredder. From 
the shredder, inside a 3'/:-foot vacuum chamber, 
pugging knives fed the material to a single pickup 
auger. Three feet of spiral auger, 13 inches in diam- 
eter, fed to a double-wing auger. The double- 
wing auger had an approximate 20-degree taper 
with a straight discharge. The die was a standard 
oil-lubricated brick die with an 8-degree curved 
taper on the sides and a curved taper approxi- 
mating 20 degrees on top and bottom. The die 
was 10 inches in length with a 4-inch spacer be- 
tween auger and mouth of die. 

The speed of the auger for first operation was 
25r.p.m. Production was 100 brick per minute 
and 5000 per hour. A vacuum of 28.5 to 29 inches 
was maintained with a rotary pump. 

Brick were made with 3 holes on the center line. 

* Presented at the Annual Meeting, American Ceramic 


Society, Columbus, Ohio, March 31, 1936 (Structural 
Clay Products Division). 


The column flowed from the die with apparent 
ease and with no signs of blistering, swelling, or 
lamination. The product was increased in weight 
10% over the nonde-aired product. 


(3) Drier Trouble 

The drier is an eight-track, waste-heat type, 
110 feet long. Before de-airing the product dried 
perfectly in thirty-six hours. The de-aired brick 
showed numerous weak places and was badly 
cracked. If two brick were struck together lightly 
they would fall into six or eight pieces. The indi- 
vidual pieces had great strength. 

The time of drying was increased to 48 hours 
and finally to 60 hours. The drier temperature 
was decreased, but the trouble remained. 


ll. Undue Compression before Clay Reaches 
e Die 


The tapered auger was removed and a double- 
wing straight auger was put on with the same 
diameter and pitch as the spiral knives behind it. 
With this change, the drier loss was completely 
eliminated. The original tapered auger appar- 
ently compressed t/ie de-aired mass to much and 
produced slick-sidei nodules that would not bond 
together properly in the die. 


lll. Fired Product Defects 
After the drier trouble was apparently cor- 
rected, the fired product showed losses of 40% or 
more. Some of the brick were brittle and glassy ; 


Practical De-airing 


others were sound and had a clear ring. The poor 
brick did not come from any particular location 
in the kiln. A good brick might be on top or 
bottom and next to a poor one. From appear- 
ances one could not always judge the good brick 
from the poor ones, but when struck together the 
unsound brick would break into five or six pieces. 


(1) Effect of Vacuum Variation 

Different degrees of vacuum were tried from 5 
to 29 inches. A vacuum of 10 inches or below did 
not give the desired workability for hollow ware 
or the desired density for brick; the vacuum from 
10 to 25 inches increased cracking about 20%. 
A vacuum of 28'/; to 29 inches produced the 40% 
loss. 

The solid brick developed an S-crack in the 
center and every brick broke along this crack. 
Some were weak in other places. The S-shape of 
auger lamination was caused by two streams of 
clay flowing from the double-wing auger and never 
uniting sufficiently to knit the two streams to- 
gether. 


(2) Effect of Single-Wing Auger 

A single-wing auger eliminated the S-crack but 
did not decrease the breakage of the brick in the 
kiln. The single-wing auger caused a strain on the 
auger shaft, making it impossible to keep the pack- 
ing tight in the shaft bearing. 


(3) Effect of Triple-Wing Auger 

A triple-wing auger gave satisfactory extrusion 
since the material flowed through the dies with 
great ease, but the brick coming from the kilns 
were yet too brittle. 


(4) Firing and Cooling Schedule Changed 

While the machine experiments were in prog- 
ress, the firing and cooling methods were changed. 
The water-smoking period was increased from 36 
to 54 hours, and the cooling period was increased 
from 5 to 12 days, but there was no decrease in the 
loss. 


IV. Experimentation on Dies 
The bridge and cores for three holes were again 
placed in the die. Spacers up to 10 inches were 
placed between the augers and dies. The horse- 
power was increased about 5%, and the losses in 
the kilns were reduced to 20%. Many brick still 
showed lamination and weak ends. A new die, 
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10 inches in length with a 30-degree taper on all 
sides, was placed on the machine. The weak ends 
disappeared, but brittleness was not eliminated. 

A die 12 inches in length with a 10-degree taper 
was then tried. The horsepower was increased 
another 5%, but this type of die did not improve 
conditions. 


V. De-Airing or Evacuation 

In many of the brick of weak structure, there 
appeared to be two types of clay where the brick 
broke, one much more de-aired than the other. 
This indicated nonuniform de-airing. The par- 
tially de-aired masses appeared to be sandwiched 
between two layers of dense material that had 
slipped on the nonde-aired material thus causing 
lamination and a disrupted bond on the column 
structure. 

The speed of the machine was increased from 
25 to 33 r.p.m. with the same output as before. 
This reduced the mass passing through the shred- 
der one-third and permitted better evacuation. 
Difficulties were encountered, however, in the 
spiral pick-up auger. The single spiral pick-up 
auger gathered a full amount of clay on the bot- 
tom and less clay as it came to the top. This 
gave an unequal flow to the auger point, thereby 
causing a pulsating column. This column plus the 
constant auger speed resulted in ‘‘auger-slicks,’’ 
one out of four brick showing “‘auger-slicks’’ and 
longitudinal cracks. Finally the knives and spiral 
pick-up augers were placed far enough from liners 
to allow the material to build up against the augers 
to assure uniform pick-up and, therefore, uniform 
flow. 

With these changes, the loss in the finished prod- 
uct was decreased to 5%. It was never possible, 
however, to obtain uniform de-airing, and the best 
results were finally obtained only by a 20% in- 
crease in power consumption. After the final 
changes, hollow ware was extruded and processed 
with less than 2% total loss. 


VI. Use of Short Shaley Schist 

This material when ground and tempered was 
granular enough to permit much better evacua- 
tion and offered no difficulty in shredding. 

With this material it was necessary to remove 
all of the die spacers and put on a die with prac- 
tically a straight issue, 8 inches long with a 
3-degree taper. The triple-wing auger was re- 
placed with a double wing. 
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Vil. Conclusion The cooling period was increased from 4 days on 
These experiments were completed in six nonde-aired to 6 days on the de-aired product. 
months, and the results showed practically 100% The finishing pyrometric cone has been reduced 


improvement in face brick and hollow tile. The from 7 to 4. 

drying period has been reduced from 36 hours 

on the nonde-aired to 24 hours on the de-aired Wy 'Sestour & Sons 
product. 
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New Orleans Vieux Carre 


New Orleans is the city unique. It is old and it is 


Courtyard, New Orleans Vieux Carre new; it is ancient and it is modern. It is a city of 
Nearly all the old homes in the New Orleans Vieux pleasure and of business. 
Carre have their courtyards or patios. In the Vieux Carre, popularly known as the French 
To the French the flagged or brick ‘‘backyard’’ was a Quarter, is to be found the atmosphere of old France 
court, but with the coming of the Spanish the term and old Spain. Here is a typical Vieux Carre home, 
“patio” was used and remained in favor. Most of the showing the patio. 
patios have fountains in the center and a well-planned Many of these patios are paved with stones and 
garden. - rocks brought as ballast to the city during its early 
Huge wide-mouthed, pot-bellied earthen jars that had days. The trees and plants are those found only in 
carried overseas the oil from the olive groves of Spain temperate climes. 
found their way into the gardens and were used to Among the other distinguishing features of the 
catch the rain water from the gutters and downspouts. Vieux Carre are the narrow streets, the peculiar archi- 
Occupying one or two sides of the court are the tecture, the fan windows, the iron-trellised balconies, 
kitchen and slave quarters, buildings always detached and the myriad-shaped roofs and chimneys. Land- 
from the main dwelling. In the rear were the carriage marks of two centuries ago have been preserved in the 


house and the stalls for the horses. Vieux Carre. 
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Abrasives 


Care and preparation of polishing wheels. Rosert T. 
Kent. Metal Cleaning & Finishing, 9 [6] 527-32 (1937). 
—The selection and procedure in the use of glue are all- 
important factors in the life of a polishing-wheel head. 
Glue should be strong, tough, flexible, and resistant to 
heat. Ground glue mixed with distilled water in propor- 
tions given for various abrasive grain sizes should be ap- 
plied at a temperature between 150 and 160°F. Condi- 
tions that affect glue are enumerated. Details of prepara- 
tion of the polishing wheel, application of the abrasive, 
drying of the wheels, balancing, and dressing are given. 

E.J.V. 


BOOK 


Abrasive Industry Calendar, 1937 (Schleifindustrie- 
Kalender). B. Kiernscumipt. O. Fischer and Séhne, 
Dortmund, Germany. 463 pp. Price 4 Rm. Reviewed 
in Tonind.-Ztg., 61 [23] 275 (1937).—The following topics 
are discussed: (1) manufacture of abrasive disks, (2) 
bonds used, (3) hardness of abrasives, (4) testing of disks, 
and (5) selection and uses of abrasives. Tables with 


general and technical data are included. M.V.C. 
PATENTS 
Abrasive article. R. P. Courtney (Bakelite Corp.), 
Can. 366,651, June 8, 1937 (Nov. 23, 1935). R. H. Lom- 


BARD AND L. H. MILLIGAN (Norton Co.), Can. 365,705, 
April 27, 1937 (July 25, 1936; in U. S., Nov. 23, 1935). 
E. S. Merriam. Can. 365,761, April 27, 1937 (May 2, 
1936); see ‘‘Preformed—,’’ Ceram. Abs., 15 [10] 292 
(1936). D. E. Wesster (Norton Co.), Can. 365,539, 
April 20, 1937 (April 11, 1936); see ibid., 16 [6] 165 (1937). 
G.M.H. 


Abrasive article. H. C. Martin anp F. A. Upper 
(Carborundum Co.). U. S. 2,084,534, June 22, 1937 
(Sept. 28, 1933). The method of manufacturing resin- 
bonded abrasive articles comprises preparing a loose mass 
of abrasive grain to which is attached a fusible heat- 
hardenable resin solid at ordinary room temperatures and 
free from liquid plasticizers which mass because of lack of 
cohesion can not be molded at ordinary room tempera- 
tures, shaping an article by placing the mass in a mold and 
heating to an extent sufficient to make the resin adhe- 
sive and cause the article to retain its shape when 
cooled and removed from the mold but not enough to cure 
the resin, cooling the article in the mold until the resin 
hardens sufficiently to make the article self supporting, 
removing the article from the mold, and heating it to cure 
the resin. 

Abrasive article. F. J. Tone (Carborundum Co.). 
U. S. 2,084,513, June 22, 1937 (Sept. 26, 1930; renewed 
Oct. 10, 1934). An abrasive wheel comprises a plurality 
of preformed shapes of bonded abrasive material and has 
cementitious joints between the abrasive shapes composed 
of a hard rubber binder together with a finely divided 
inert filler having a thermal expansion lower than that of 
the hard rubber. 

Abrasive article. C. E. WooppELL ANnp J. F. Barnes 
(Carborundum Co.). U.S. 2,085,137, June 29, 1937 ( Dec. 
8, 1933). A mix for making abrasive articles contains 
granular abrasive material, bond, and granulated coke. 

Abrasive compound and means for utilizing. J. D 
Krnstey. U. S. 2,084,644, June 22, 1937 (Dec. 4, 1931). 
An abrasive bite-rim composition comprises a mixture 
of gum damar, beeswax, gum tragacanth, French chalk, 
and abrasive material, the mixture being solid at tempera- 
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tures of 108°F and lower and becoming increasingly softer 
at temperatures above 108°F to a point of fluidity. 

Abrasive stone holder. M.N.Prance. Can. 367,117, 
June 29, 1937 (Jan. 2, 1936). G.M.H. 

Abrasive wheel. Epwarp VAN DER Pyt (Norton Co.). 
Can. 365,540, April 20, 1937 (July 15, 1936); see Ceram. 
Abs., 16 [4] 106 (1937). G.M.H. 

Abrasive wheel and method of manufacture. Baais 
SANFORD AND D. E. WEBSTER (Norton Co.). U. S. 2,085,- 
705, June 29, 1937 (Nov. 5, 1935). A method of making 
rubber-bonded abrasive bodies is described. 

Arrangements for working the peripheral surfaces of 
giinding disks, etc. J. H. Boppen. Brit. 466,261, June 
9, 1937 (Dec. 18, 1935). 

Automatic internal grinding machines. K. JuNG 
(trading as K. Jung Maschinenfabrik). Brit. 466,566, 
June 9, 1937 (March 28, 1935). 

Automatically controlled abrading machine. R. A. 
Core (Norton Co.). Can. 365,114, March 30, 1937 (Dec. 
12, 1935). G.M.H. 

Benches or work tables for drills, grinding machines, 
etc. L. Steer. Brit. 467,646, June 30, 1987 (Dec. 23, 
1935). 

Buffing and polishing device. M. J. Bamey. U. S. 
2,085,140, June 29, 1937 (Jan. 3, 1936). 


Buffing wheel. Harry Zimmerman. U. S. 2,087,012, 
July 13, 1987 (March 12, 1936). 
Buffing wheel section. E. W. Hair. U. S. 2,087,105, 


July 13, 1937 (May 28, 1936). 

Cam grinding machine. H. A. Si-ven (Norton Co.). 
Can. 364,644, March 9, 1937 (March 4, 1936). G.M.H. 

Ceramically bonded abrasive article manufacture. F. 
L. Nopes (Carborundum Co.). Can. 365,054, March 30, 
1937 (March 30, 1935). G.M.H. 

Composite grinding wheel. Baais Sanrorp (Norton 
Co.). Can. 365,702, April 27, 1937 (Feb. 3, 1936); see 
Ceram. Abs., 16 [4] 106 (1937). G.M.H. 

Crankpin grinding machine. H. A. Si-ven (Norton 
Co.). Can. 364,641, March 2, 1937 (Aug. 31, 1935). 

G.M.H. 

Diamond embedded abrading tool. F. H. Wiiey. 
Can. 365,442, April 20, 1937 (June 10, 1935). G.M.H. 
«Grinding disk and method of making. H. H. Bupps 
AND THomMas GorRZELANY (Briggs Mfg. Co.). U. S. 
2,085,211, June 29, 1937 (Dec. 10, 1934). 

Grinding machine. A. G. F. E. Drown 
(Norton Co.). Can. 365,703, April 27, 1937 (March 6, 
1936). G.M.H. 

Grinding machine. H. A. Sm-ven (Norton Co.). U.S. 
2,086,052, July 6, 1937 (June 26, 1936). 

Grinding wheel. A. P. Breese (Peninsular Grinding 
Wheel Co.). U. S. 2,084,789, June 22, 1937 (June 13, 
1936). A grinding wheel comprises a circular adapter 
having lateral and peripheral walls normal to each other, 
the walls being arranged inwardly of the outer periphery 
of the adapter, the adapter being provided with an annular 
groove in the peripheral wall, a plurality of clamps ar- 
ranged adjacent the lateral and peripheral walls, a plu- 
rality of segments of abrasive material arranged between 
the clamps and the peripheral wall, means for meving 
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the clamps toward the peripheral wall, and guiding means 
on each of the clamps extending into the annular groove. 

Hone. H. L. Bioop (Heald Machine Co.). U. S. 
2,086,660, July 13, 1937 (Sept. 14, 1936). 

Hydraulic cam grinding machine. A. G. BELDEN 
AND H. A. Sri_ven (Norton Co.). Can. 364,642, March 
2, 1937 (Jan. 27, 1936). G.M.H. 

Hydraulic grinding machine. H. A. Su-ven (Norton 
Co.). Can. 365,704, April 27, 1937 (June 29, 1936); 
see Ceram. Abs., 15 [11] 322 (1936). W.H. Woop (Nor- 
ton Co.). Can. 365,113, March 30, 1937 (March 30, 
1935). G.M.H. 

Hydraulic grinding wheel feeding mechanism. W. H. 
Woop (Norton Co.). Can. 364,643, March 9, 1937 (Jan. 
27, 1936). G.M.H. 

Hydraulic surface grinding machine. J. R. WuiTTLes 
(Norton Co.). Can. 365,115, March 30, 1937 (Jan. 30, 
1936). G.M.H. 

Hydraulically operated steady rest. C. G. FLYGARE 
(Norton Co.). U. S. 2,086,024, July 6, 1937 (Nov. 22, 
1935). 

Lapping machine. R.A. Core (Norton Co.). U. S. 
2,085,005, June 29,°1937 (July 6, 1936). 

Machine for grinding locomotive wheels. V.L. Mar- 
Tin. U.S. 2,085,378, June 29, 1937 (April 8, 1936). 

Machine for grinding and polishing the edges of glass, 
marble, or like plates. K. A. Weper. Brit. 466,412, 
June 9, 1937 (Nov. 6, 1934). 

Manufacture of abrasive-coated fabric. Carsporun- 
pum Co. Brit. 467,111, Jume 23, 1937 (Dec. 11, 19384). 

Manufacture of bonded abrasive articles. CAaRBORUN- 
pum Co. Brit. 467,434, June 30, 1937 (March 20, 1935). 

Method and machine for grinding and polishing. N. 
H. Kuraces. Brit. 467,129, June 23, 1937 (Aug. 19, 
1935). 

Polishing wheel. K.H. Bowen (Columbian Rope Co.). 
U. S. 2,085,142, June 29, 1937 (Aug. 31, 1936). 

Roll grinding machine. -C. G. FLYGARE AND H. B. 
Friperc (Norton Co.). Can. 364,961, March 23, 1937 
(Dec. 30, 1935); see Ceram. Abs., 16 [2] 55 (1937). 

G.M.H. 

Roughening or sharpening of grindstones. W. Voirn, 
H. Vorrn, AND H. Vorrn (trading as J. M. Voith). Brit. 
466,859, June 16, 1937 (Dec. 7, 1934). 

Rubber-bonded abrasive article. D. E. WEBSTER 
(Norton Co.). Can. 364,646, March 9, 1937 (June 5, 
1936). G.M.H. 

Segmental grinding wheel. G. N. Jeppson (Norton 
Co.). Can. 364,645, March 9, 1937 (May 29, 1936). 

G.M.H. 
K. (trading as K. 


Surface grinding machines. 
466,370, June 9, 1937 


Jung Maschinenfabrik). Brit. 
(July 19, 1935). 

Surfacing machine. G. M. 
Corp. and Curtin, Hebert Co., Inc.). 
July 6, 1937 (May 11, 1935). 

Valve grinder. W. E. Jessop. 
22, 1937 (Nov. 17, 1934). 

Valve-seat grinder. _M. D. Ty er. 
June 29, 1937 (Nov. 1, 1934). 


Curtin (Behr-Manning 
U. S. 2,086,516, 


U. S. 2,084,959, June 


U. S. 2,085,280, 


1937 
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Art and Archeology 


American pottery industry. F. H. Rueap. Pottery 
& Glass Record, 19 [6] 143 (1937).—The English and 
American pottery industries are compared with emphasis 
on the “‘silk screen” process of decoration. A.BS. 

Builders of Zimbabwe. J. F. Scuorrecp. Discovery, 
18, 67-71 (March, 1937).—The puzzling African ruins of 
Zimbabwe are discussed in the light of the pottery found 


there. It is classified into three types, called R;, Re, and 
R;. Illustrated. H.H.S. 
Celadon. ANon. China, Glass & Lamps, 36 [9] 8 


(1937).—Celadon is the French interpretation of the 
colors of some of the Chinese porcelains of the Sung 
dynasty. One color of the Lung-ch’uan porcelain was a 
green compared to fresh onion sprouts. The colors have 
become known as Celadons. Eventually the term was 
restricted to green, and the shade has become grayed and 
softened. G.M.P. 
Ceramic discussions. Raovut BLoTTermre. Cé- 
ram., Verrerie, Email., 4 [2] 45-52 (1936).—Egypt was 
the cradle of European and of Asia Minor ceramics, and 
China was the source of ceramic knowledge for the rest of 
Asia. The most ancient Egyptian ceramic ware was 
mainly siliceous, up to 90 and 92% SiO,. The most flour- 
ishing period of the Egyptian arts was the 17th Century 
B.c., and the ceramics of this period were a mean between 
porcelain and stoneware. The characteristic decorative 
symbols are the scarab, the symbol of creation and persis- 
tence of life; the lotus, representing the goddess of the 
north; and the papyrus, representing the goddess of the 
south. The formulas for the famous Egyptian blue are as 
follows: frit: quartz sand 40, chalk 33.4, black copper 
oxide 26.6%; transparent flux: quartz sand 30.8, pander- 
mite (borocalcite) 33.8, Solvay soda 7.7, minium 27.7%; 
opaque flux: quartz sand 27.5, tin oxide 10.8, pandermite 
30.2, Solvay soda 7.0, minium 24.5%. The most ancient 
Chinese pottery was of a very hard paste with a semi- 
opaque coat called ‘‘Celadon”’ of a gray-red or sea-green 
color. At this time appeared the “‘crackled’”’ ware which 
was a voluntary exploitation of a technical defect, i.¢., 
filling the cracks in the coat caused by differences in ex- 
pansion with a liquid coloring of metallic base. The base of 
true Chinese porcelain was kaolin and a feldspathic rock, 
flinty kaolin called petuntse. Metallic oxides were used 
for color ornamentation and flambé effects. Specialized 
Sinologists have classified Chinese porcelain according to 
the type of decoration and epochs: Chrysenthémo-poeo- 
nian (poeona-peony) family; Green family (7 period, 
1368-1615); Rose family (Houng-tchi of .-8-1506); 
Tsing family (1616-today); Tching-te (1506-1521). 
Japan and Korea were the first to feel the influence of 
antique Chinese ceramics. Persia was influenced both by 
China and India. Their pastes were composed mostly of 
a fusible siliceous element weakly agglomerated by a small 
amount of clay; firing was not continued until vitrification 
though some products became translucid. Asia Minor 
was subject to several influences, notably Persian in decora- 
tion. IJbid., [4] 133-40; [6] 221-26.—The ceramic ware of 
the ancient Greeks did not have a dense structure and was 
consequently very porous; it was fired in an open fire and 
at low temperature. Its average chemical composition is 
silica 55, alumina 19, iron oxide 2.20, lime, magnesia 19, 


alkalis 3, undetermined and loss 1.80, which corresponds 
to the technical mix (fine clay 25 volumes, marl 30, and 
sand 45). At first, Greek pottery was entirely mat, and it 
was not until the time of Pericles that an alkaline silicate 
was used to coat the surface of vases, giving a black luster. 
The potteries of ancient Greece are differentiated according 
to their usage for drinking, storing, etc. Types are illus- 
trated and described. The Etruscans produced interesting 
pieces both in form and decoration. The Romans had 
no new contribution to ceramics, but copied Greek methods 
and forms. The Italian influence on ceramic arts dates 
no further back than the 15th Century, the period of the 
Italian Renaissance. Roof and paving tile were used by 
the Arabs who also produced vases of elegant form and 
beautiful ornamentation composed of conventionalized 
flowers or interwoven floral motifs known as arabesques; 
no human or animal forms were used because of the pro- 
hibition of the Koran. The pottery of Majorca gave its 
name to majolica. In the Middle Ages pottery making 
was essentially a sedentary and local industry, each region 
having the personal characteristics resulting from the na- 
ture of the clays of the locality and the mentality of the 
natives. All methods were similar; these have been re- 
corded in the archives of convents. Ceramic tiling and 
mosaics were also made. Artisans of all crafts were or- 
ganized in the Middle Ages under strict regulations and 
all workmen were forced to belong if they wished to prac- 
tice their trade. See Ceram. Abs., 16 [8] 231 (1937). 
M.V.C. 
Cultivation of crystals on glazes. J. W. MEeLLor. 
Trans. Ceram. Soc., 36 [1] 13-15 (1937).—Decorative 
crystalline effects can often be obtained from the forma- 
tion of on-glaze crystals. Moisture condensed from the 
oven gases on cold ware absorbs the sulfurows gases and 
will dissolve unfired cobalt oxide. Upon evaporation of 
the solution, crystals are deposited and are fixed in the 
glaze by firing. Pleasing patterns are easier to reproduce 
than with in-glaze crystals since the process can easily be 
controlled. Crystal growth can be altered by the addition 
of traces of other substances. Illustrated with color 
plates. R.H.H.P., Jr 
Faience of Nevers, 1645 to 1700. Classification at- 
tempted by origin of the ornamentation. C.-L. Mever 
Céram., Verrerie, Email., 4 [2] 75-81 (1936).—Almost all 
the engravings, both French and foreign, which were copied 
trait for trait by the Nevers faience decorators, have been 
found and the names of the painters and editors with their 
probable dates have been ascertained from biographies and 
works of the artists. These data serve as a basis for cal- 
culating the probable date of execution of some of the fa- 
mous pieces of faience of Nevers. The dates of several 
pieces produced between 1645 and 1700 are worked out by 
this system. M.V.C. 
Japanese make pottery to compete with domestic ware. 
W. Ricuarp Boyce. Ceram. Ind., 27 [2] 97-98 (1936). 
As the hills near Seto are rich in suitable clays, many 
small plants there make ware for the Japanese market 
The crudest methods are used, the workmer squatting on 
the floor before the Oriental adaptation of the potter's 
wheel. The ware undergoes the normal bisque and glost 
firing, but the decorating, most of which is done in Nagoya, 
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is unique. The design, usually a natural subject, is 
sketched on by master artists, and then the colors are 
filled in by less skilled workmen. The whole process of 
pottery production is seldom carried out in one factory; 
the clay is mixed in one factory, the ware is shaped and the 
bisque fired in a second, and glazing and decorating are 
done at other plants, so that one dish may be the product 
of four or five potteries. The decorating is often done at 
home by the workmen. The majority of the workmen are 
Korean or of Korean extraction, whose low standard of 
living makes them satisfied with the wage of about 15¢ 
for a 10-hr. day. E.J.V. 
Palissy and Abaquesne. Heriot. Céram., Verrerie, 
Email., 4 [1] 25-32 (1936).—Bernard Palissy has been 
considered the creator of French ceramics, but before his 
time an artist of Rouen, Abaquesne, was making true 
faience (1542), and beautiful objects of glazed clay by 
other artists had also appeared. Work by Abaquesne has 
been erroneously attributed to Palissy in spite of the 
Italian character of the work of Abaquesne and the dis- 
tinctly French traits in that of Palissy. Abaquesne used a 
white enamel as background for motives of Italian origin 
carefully drawn in the manner of French Renaissance 
artists. The works of Palissy show the characteristics of 
material and make of the French enameled pottery of the 
latter Middle Ages and Renaissance which have no analogy 
with Italian faience with white background. Palissy was 
a potter, not a faience maker; he found a way of decorating 
clay with enamels of different color which had not been 
accomplished in France before. Palissy created a new 
decoration; his plates and vases are ornamented with 
shells, lizards, salamanders, frogs, snakes, eels, and fresh 
or salt-water fish. He was called the “inventor of rustic 
figulines’’ by his patron, Anne de Montmorency, who was 
the greatest collector of faience of the 16th Century. H. 
gives documentary evidence to support his contention. 
M.V.C. 
Photography on porcelain. ANon. Keram. Rund- 
schau, 44 [31] 365-66 (1936).—The implements and re- 
quired chemicals are fully described. Minute details are 
given concerning the manufacture of the positive layer, 
copying, coating the photograph, and heating to middle 
red in a wood fire. F.E.V. 
Pottery of the Middle Ages and Renaissance manufac- 
tured at Rouen. Hetor. Céram., Verrerie, Email., 4 
[6] 255-58 (1936).—The difference between glazed pottery 
and faience is not as marked as is believed; glazed pottery 
has a lead-containing coat and faience has a stanniferous 
coat. Potters formerly made a kind of faience without 
knowing it, as they were unaware of the presence of tin in 
their lead and did not know how to take advantage of 
exceptional results. The potters of the Middle Ages did 
not know about white enamel and decoration with colored 
enamels, but they knéw how to disguise the disagreeable 
color of the clay under an opaque, nonstanniferous coat 
having some similarity with enamel. For decorating they 
used (1) a kind of engobe, (2) incrustation, (3) ornamenta- 
tion in relief by attaching ornaments modeled separately, 
(4) casting, (5) slip applied with a brush, (6) sigillées (de- 
signs stamped in clay), and (7) two engobes superimposed. 
M.V.C. 


Retrospection. J. W. Metior. Trans. Ceram. Soc., 
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36 [1] 44-48 (1937).—M. discusses the liquation hypothe- 
sis of the white spotting of colored tile with reference to 
the earthworm marking on Chinese opaque glazes. The 
opalescence of the Chinese copper-red giazes is explained 
and illustrated by a color plate. Analyses of the Chinese 
glazes indicate that the proportion of alumina is low and 
that of lime high, a condition which favors the develop- 
ment of opalescence by the incipient devitrification of 
the glaze, and that phosphates are not meeded as 
opacifying agents in these glazes. The behavior of 
phosphates in the bone-china body is described. Calcium 
phosphate produces a spongy glaze on overfiring n 
a reducing atmosphere by thermal decomposition. Ware 
containing ferrous phosphate will brown in such con- 
tact with aérial oxygen as is afforded by crazing 
cracks, even at ordinary temperatures. There is also 
evidence that partial oxidation of ferrous phosphate im- 
parts a bluish tinge to the glaze. R.H.H.P., Jr. 
Roman roof tile. S. E. Wimvsoitr. Discovery, 18, 86 
(March, 1937).—Further examination of the tile factory 
excavated at Ewhurst, England (Ceram. Abs., 16 [4] 108 
(1937)) reveals roof tile of a type thought to be unique. 
The nearest known shape is the hexagonal stone slab. The 
tile are of red firing clay and are pear-shaped with nail 
holes in the top. Their dimensions are 1 in. thick, 15 in. 
long, 10 in. at the broadest part, and 3 in. at the top. 
Illustrated. H.H.S. 
BOOK AND BULLETIN 
Creative Art in England. JoHNsTone. Stan- 
ley Nott, London, 1987. Price 2ls. Reviewed in Dis- 
covery, 18, 92 (March, 1937).—A corpus of English art 
from Anglo-Saxon times to the present is presented. 
H.H.S. 
Use of Iowa clays in small-scale production of ceramic 
art. Paut E. Cox. Jowa Eng. Expt. Sta. Bull., No. 133, 
48 pp. (1937).—This bulletin was compiled to satisfy the 
requests from teachers, avocational workers, architects and 
artists, and commercial ceramic plants for strictly practical 
information on clay and glaze preparation, formulas, kiln 
plans, potters’ wheel plans, and book and magazine lists. 
Iowa clays and shales and “mortar mix,’’ which is finely 
ground shale sold in every Iowa lumber yard, are sug- 
gested as suitable raw materials. Sources of suitable 
sagger claysare named. Clay and glaze preparation meth- 
ods are outlined in details covering the methods suitable 
for the small producer. A list of products which can 
be made in small plants is included. The technique of 
the potters’ wheel is discussed. A method for making 
casting slips involving the use of the well-known 
Brongniart formula is presented. A convenient and in- 
expensive electric kiln of considerable capacity is shown 
in detail. The Norton-Duplin gas-fired kiln (Jour. Amer. 
Ceram. Soc., 16 [3] 152-53 (1933)) is suggested as desirable 
for the avocational worker and teacher, and a modifica- 
tion simplifying the construction is also suggested. Rules 
are presented to permit scientific changes in glaze recipes by 
individuals not familiar with the usual technical methods. 
A comprehensive book and periodical list is included. 
While Iowa clays and shales are suggested as raw materials, 
clays and shales in any part of the country may be used. 
The bulletin is available without charge to all applicants. 
Illustrated by drawings and photographs. P.E.C. 
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Decalcomania paper. Lewis Davis (MclLaurin- 
Jones Co.). Can. 365,370, April 20, 1937 (April 17, 
1935); in U. S., Aug. 23,1934. Joun MacLaurin. Can. 
364,720, March 16, 1937 (July 11, 1935); see Ceram. Abs., 
15 [7] 199 (1936). G.M.H. 


Designs for: 

Bottle. FRANK McLAvuGHLIn (Carr-Lowrey Glass Co.). 
U. S. 105,023, June 22, 1937 (Jan. 16, 1937). J. S. 
STEELMAN (Whitall Tatum Co.). U.S. 105,235, July 
6, 1937 (May 21, 1937). 


Candle holder. W. E. MAcKEeLFResH, Jr. (Owens- 
Illinois Glass Co.). U.S. 105,118, June 29, 1937 (May 
1, 1937). 


Decanter. S. W. Fisner (Paden City Glass Mfg. Co.). 
U.S. 105,003, June 22, 1937 ( April 28, 1937). 
Defecator. W. C. Groenicer. U. S. 105,006, June 
22, 1937 (Jan. 5, 1937). 
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Floor tile. J. M. Srratron (Gunderson Brick & Coal 
Co.). Can. 366,956, June 22, 1937 (June 29, 1936). 
Tile or brick of fired shale and sand, having uniformly 
distributed on its exposed surface a series of frustrums 
of equal height and size, which form, when such tile are 
assembled on a floor, drain channels. G.M.H. 
Jar. B. D. Fuerst (Owens-Illinois Glass Co.). 
U. S. 105,274, July 13, 1937 (Dec. 12, 1936). 

Packer jar. F. J. Perry (Ball Brothers Co.). U. S. 
105,231, July 6, 1937 (Dec. 1, 1936). 

Plate. Yukio Buma. U. S. 105,197, July 6, 1937 
(May 26, 1937). Susre Cooper (Eugene L. Fonde- 
ville). U.S. 105,201 and 105,202, July 6, 1937 (May 1, 
1937). Dorrs Jonnson (Mayer China Co.). U. S. 
105,242, July 6, 1937 (May 25, 1937). 

Spark plug. Gustav Rutsarptr. Can. 367,119, June 
29, 19387 (Nov. 23, 1935). G.M.H 
Method of ornamenting glass. Sepet SILVERMAN 
Can. 364,850, March 16, 1937 (Oct. 21, 1935). G.M.H. 


Cements 


Action of soda in solution on tetracalcic aluminum 
hydrate. JEANNE Foret. Compt. Rend., 204 [18] 1335- 
37 (1937).—Soda was found to have an effect similar to 
that of lime; it favors the precipitation of calcium alu- 
minates and decomposes the latter less than pure water. 
Beyond 0.04 parts of soda to aluminate, soda dissolves less 
Al. The analysis of the liquids showed that tetracalcic 
aluminates are decomposed under formation of soluble 
sodium aluminate and free insoluble lime. This decom- 
position is seen to be the cause of the disintegration of 
aluminous cements. M.H. 

Agressivity and hydraulic additions. A. Srsopor. 
Zement, 26 [11] 169-72 (1937).—Hydraulic additions, 
during binding, react with the liberated Ca(OH), and form 
calcium hydrosilicates. These new bodies are unstable in 
the presence of aggressive solutions; they are already de- 
composed by pure water (hydrolysis) and evolve silica gel. 
The usual methods for determining free lime in clinker are 
not valid in the case of trass cement mortars on account 
of their physical structure and water content. Results 
found are too high. The favorable effect of trass addi- 
tions in the presence of aggressive influences is due not to 
the binding of free lime but to the formation of calcium 
hydrosilicates which are quickly decomposed, giving silica 
gel. This gel is chemically resistant and waterproof. 

F.E.V. 

Calculated and actual composition of Portland cement 
clinker. Cz. Tonind.-Zig., 61 [20] 236-37 (1937).—The 
use of Bogue’s formula for calculating the mineralogical 


De-airing to increase the life of plaster molds. Frep 
C. Henperson. Ceram. Ind., 27 [1] 32 (1936).—Using 
three mixes of plaster and water, tests were made on de- 
aired and nonde-aired samples. The de-aired mixes 
showed increases in modulus of rupture, dry density, and 
wet density, with a decrease in absorption. As de-airing 
should knit gypsum crystals more closely together and the 
increased density would indicate more of the crystals per 
unit volume, it seems reasonable that a longer life of the 
mold should follow. EJ.V 

Latest discoveries in cement. Vier Seviert. Ton- 
ind.-Ztg., 61 [17] 197-98 (1937).—References are given 

M.V.C 

Microscopic study of cements. EricnSracn. Tonind.- 
Zig., 61 [28] 318-19 (1937).—The use of a microscope for 
studying cements, as it is used in metallography, ore 
petrography, and especially in coal-powder petrography, 
is discussed. Details of procedure are given. Illustrated. 

M.V.C 


BULLETIN 


Occurrence, properties, and preparation of limestone 
and chalk for whiting. Hewirr WILSON AND KENNETH 
G. Skinner. U. S. Bur. Mines Bull., No. 395, 160 pp 
(1937). Price 30¢ from Supt. of Documents, Govt. 
Printing Office, Washington, D.C. The results of a study 
undertaken to encourage the use of domestic materials in 
the preparation of whiting are given. Chalk, limestone, 
and marble samples are described by states. 


composition of Portland cement is discussed. The results R.A.HEeINDL 
are tabulated. : M.V.C. 
Enamel 
Career in enameling. Epwarp H. Sykes. Ceram. Chemistry and mechanics of metal cleaning. D. J 
Ind., 27 [2] 118-22 (1936).—S. traces the development of Benoirer. Ceram. Ind., 27 [1] 24-26; [2] 102-107 


the Ingram-Richardson Mfg. Co. from the time of its 
foundation in 1901 to the present day, when it employs 
over 1000 people. The data presented are based on state- 
ments from both Ingram and Richardson. E.J.V. 


(1936).—Materials used for metal cleaning can be divided 
into those that clean (1) by solution, (2) by chemical ac- 
tion, (3) by emulsification, (4) by mechanical action, and 
(5) by combinations of the above. Solvents do not leave 
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metal surfaces clean enough for enameling. Cleansers of 
the second class act chemically and combine directly with 
saponifiable oils and greases, leaving the metals chemically 
clean and ready for enameling or a similar operation. The 
emulsifying cleansers combine physically with the materials 
to be removed owing to their “colloidal action,’’ while 
cleansers of the fourth class depend upon mechanical agita- 
tion caused by something incorporated in them or by the 
way the cleanser is manipulated. The mechanical factors 
in cleaning metals for porcelain enameling and the test- 
ing of cleaning solutions are discussed in detail. 
E.J.V. 
Continuous enameling furnace heated by radiant tube 
element. Anon. Ind. Gas, 15 [12] 9(1937).—A counter- 
flow continuous enameling furnace 85 x 15 ft. uses 3800 
cu. ft. of natural gas per hour when firing 8000 gross Ib. of 
ware per hour. A temperature of 1600°F is maintained in 
the firing section, and the spent gases are used in the pre- 
heating and drying chambers. See “‘Gas-fired—,” Ceram. 
Abs., 16 [6] 168 (1937). S.S. 
Corrosion of various constructional steels: V. J. 
Britur, A. Leroy, AND A. Roux. Welder, 9 [41] 122- 
25 (1937).—Curves are given showing e.m.f. vs. time for 
the electrolytic potential cells set up using weld metal and 
parent metal as electrodes. Relationships are not entirely 
consistent, and the method of predicting corrosion be- 
havior is considered inadequate. It is concluded that Cr 
and Cu, Mn and Si, and Ni additions improve chemical 
resistance. Ni is most effective in reducing seawater 
corrosion. Practical homogeneity exists across welded 
joints in regard to corrosion. W.H.B. 
Deénameling, a rapid and economical method. J. 
Nappke. Céram., Verrerie, Email., 4 [4] 147-51 (1936); 
Usine, 45 [11] 29-30 (1936).—Deénameling by sanding is 
slow and suitable only for cast iron, as its thickness resists 
deformations due to the process. The use of acids for de- 
enameling is detrimental to the metal. N. studied the use 
of the hot alkaline bath (caustic soda) for deénameling. 
The metal is not attacked and there are no noxious gases or 
vapors, although there is a bubbling and tiny droplets are 
projected, from which workmen must be protected. The 
installation to be used for deénameling in plants is de- 
scribed. M.V.C. + M.H. 
Drawing and stamping compounds. Ciype Lowe. 
Enamelist, 14 [9] 11 (1937).—Objections to the use of 
soaps, mineral-oil compounds, or compounds containing 
pigments or fillers for the drawing and forming of metal 
parts to be enameled are cited. L. recommends that a 
viscous compound of high-grade vegetable oils which is 
free from any pigment or filler, has no free fatty acid con- 
tent, is freely soluble in water, and has an affinity for 
metal be used to assist in the drawing operation. 
E.J.V. 
Elementary course in enameling. F. R. Porter. 
Ceram. Ind., 26 [4] 284-90; [5] 366-72; [6] 424-30; 27 
[1] 46-52; [2] 124-30; [3] 210-16; [4] 286-90; [5] 368— 
74 (1936).—This very thorough course presents the per- 
tinent steps in the entire process in a logical sequence. All 
matter of a technical nature is presented in as simple a man- 
ner as possible but no detail is omitted in explaining the 
intricacies of the processes involved in obtaining satisfac- 
tory porcelain enamel finishes. E.J.V. 
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Enamelers of the 19th and 20th centuries. Gaston 
Ricuet. Céram., Verrerie, Email., 4 [5] 177-82 (1936).— 
Etienne Tourrette (1858-1923) was a master technician and 
artist in the production of cloisonné, translucid enamels, 
plating, and enamel painting. He is especially renowned 
for his work in enamelware in ‘‘résille d’or.”” An example 
of this work which is in the Museum of Decorative Arts 
(France) is a gold vase entirely covered with enamel orna- 
mented with leaves, flowers, fruits, and branches of trans- 
lucid harmonious colors. The technique of production of 
this type of decoration and of the cloisonné enamelware of 
Tourrette is given. M.V.C. 

Enameling mystery. ANoNn. Metal Ind. (London), 49 
[24] 587 (1936).—The Schedula of Theophilus is among the 
interesting books on the subject of early metalwork. 
Theophilus referred to only one kind of enamel, and this 
he called electrum. Charles Thomas of Vittoria Street 
School for Jewellers, Birmingham, found that this method 
of enameling would not work on commercial gold (alloy 
of gold and copper) but gave very good results when used 
on an alloy of gold and silver, known in the old days by the 


_name of electrum. Theophilus apparently called his 


enamel after the metal to which it could be applied. 
H.E.S. 
Manufacture and properties of enameling iron. Kar 
Kautz. Ceram. Ind., 27 [3] 179-81; [4] 261-62 (1936).— 
The basic open-hearth process is used to make practically 
all enameling iron. Sheets are made from ingots by either 
the slab (hot strip band) method or the bloom (sheet bar) 
breakdown method. Treatments given the sheet after it 
is rolled include normalizing, box annealing, pickling, cold 
rolling, and leveling. Defects which cause rejections of 
enameling sheets are enumerated. Properties of enamel- 
ing sheets commonly checked on are grain structure, duc- 
tility, hardness, tensile strength, and enameling qualities. 
The grades of enameling sheets are pointed out, with the 

special properties and surface textures of each. E.J.V. 
Mechanical drying in vitreous enameling. J. H. 
Hoititows. Sheet Metal Ind., 11 [118] 211-14 (1937).— 
H. concludes that an efficient drier for general vitreous 
enamel work should embody as many as possible of the 
following points: (1) turbulent air conditions, (2) drying 
air of relatively high humidity, (3) at least two different 
sets of air conditions, (4) temperature inside the drier be- 
tween 150° and 200°F, (5) indirect firing, if gas or oil is 
used, (6) as small a drier as possible, (7) tunnel type of 
machine wherever possible, (8) heating units located within 
the walls of the drier. With some work a number of these 
conditions are not possible of achievement, but as many 
as possible should be obtained, and turbulence is essential. 

. A.P.S. 
Porcelain enamel and the New York World’s Feir. 
Paut V. BLACKBURN. Enamelist, 14 [8] 14-17 (1937).— 
The Shelter Focal Center at the World’s Fair of 1939 will 
have on its exterior a porcelain enameled mural 70 ft. long 
and 20 ft. high, with a wainscot 140 ft. long and 7 ft. high 
under it. The mural will be designed by J. Scott Williams 
and manufactured by the Ferro Enamel Corp., Cleveland. 
The mural will be made of 50 or more separate panels, 
each of which will be highly decorated; the work is to be 
done under studio conditions, with all firing being done in 
the furnaces of Porcelain Metals, Inc. E.J.V. 
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Porcelain enameling furnaces. F. S. MARrKERT. 
Presented at Porcelain Enamel Institute Forum, Urbana, 
Ill., May, 1937; abstracted in Enamelist, 14 [8] 12-13 
(1937). E.J.V. 

Production of one cover-coat ware. HERMAN L. Cook. 
Presented at Porcelain Enamel Institute Forum, Urbana, 
Ill., May, 1937; abstracted in Enamelist, 14 [8] 10-11 
(1987). E.J.V. 

Proper firing of sheet-iron ground-coat enamel. H. C. 
Beastey. Enamelist, 14 [7] 9-12 (1937).—Proper firing 
of ground coat and cover coat involves the absorption of 
heat by the metal and enamel at a definite rate and in a 
definite quantity. In firing the ground coat it is necessary 
to absorb heat into the metal and enamel at a rate which 
will permit proper oxidation of the base metal without the 
enamel fusing to the extent that it seals the metal from 
further oxidation; the quantity of heat available must be 
sufficient to keep the enamel at its fusing point and quickly 
seal the metal from further oxidation after sufficient oxida- 
tion has been produced. The effect of furnace types and 
the materials used in the construction of the furnaces on 
the firing characteristics is discussed. Methods of con- 
trolling the various factors to eliminate possible defects in 
the enamel are described. E.J.V. 

Radiographic examination of welds. V. E. PUuLuin. 
Welding Ind. [London], 5 [3] 104-17 (1937).—Subjects 
covered are porosity, slag inclusions, cracks, lack of pene- 
tration, contrast, and definition as affected by scattering. 
The A.S.M.E. rule on acceptable porosity radiographs 
is criticized as intending to imply that the interpretation 
of the radiograph need not be made by an expert. The 
lack of a series of increasing thicknesses of section in the 
A.S.M.E. standards is considered a serious disadvantage 
for interpretation by other than an expert. Quantitative 
measurements of porosity are described as a remote pos- 
sibility as a laboratory tool but impractical for industrial 
use; the drawback is the scattered radiation which pre- 
cludes numerical results. Specific gravity figures from 
radiograph intensity values are also impossible since the 
intensity of the film depends not only on depth of flaw but 
also on its width, and scatter is different for exactly 
similar flaws occurring at different positions in the plate. 
Radiographs are shown which indicate porosity due to 
slag or gas and flaws due to cracking; these differences are 
detailed for the various films taken. Where there is 
marked slag porosity, the presence of cracks should be sus- 
pected; they are rarely associated with gas porosity. P. 
regards as a crack any flaw that is likely to spread; rounded 
ends would indicate nonspreading tendency. Lack of 
penetration is difficult to determine with radiograph, and 
distinction is made between patchy porosity and non- 
penetration, although both are considered elements of 
danger in the weld. The quantitative measurement of 
size of flaw aimed for in the A.S.M.E. code, with a thick- 
ness greater than 2% of the thickness of the plate, is 
criticized as being dependent upon conditions of scattered 
radiation and related to focus of tube, thickness of the 
plate, and lateral size of the flaw. Many photos showing 
radiographs are impossible to interpret, apparently due to 
poor reproduction. In the discussion it is shown that 
two radiographs may be exactly similar as to porosity, but 
the density obtained in one case may be due to scattered 
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areas of porosity, while in the other it may be due to con- 
centrated porosity which would have entirely different 
effects on the properties of the weld. It is indicated that 
Lloyd’s Register may drop the specific gravity require- 
ment, since acceptable weld radiographs were found never 
to be less than 7.8. W.H.B. 
Suitable structure of enameled kitchen ware. H. 
Lanc. Glashiitte, 67 [1] 5-8 (1937).—High-quality ground 
enamel should contain the normal amount of cobalt oxide 
and borax, the normal proportion of quartz and feldspar, 
and some manganous oxide to improve impact strength of 
the enamel. Additions of quartz, besides the usual mill 
additions of clay, soda, and borax, are to be avoided. 
Quartz added to the mill incompletely dissolves in the 
enamel on firing and is a source of various defects in the 
coat enamel. There are excellent acid-stable white-coat 
enamels, but they are not resistant to cooking. White 
opacifiers are not enamel formers and should be avoided if 
possible. Cerous oxide as opacifier is the best among them. 
The correct ratio of feldspar or kaolin to quartz should not 
be overstepped. Clay should be used only as a suspending 
agent. Antimony can be used only in the authorized 
form. The other opacifiers, such as fluorides and even tin 
oxide, lower the resistance to boiling. In general, however, 
white enamel should be replaced by colored enamels, as 
they possess a much greater resistance. The introduction 
of definite amounts of TiO, yields excellent results. 
M.V.C. 
Trenkamps have made enameling history. Wi.son B 
Fiske. Enamelist, 14 [9] 18-19 (1937).—The Trenkamp 
family has operated a porcelain enameling plant for over 
25 years in Cleveland, and its present organization, the 
Ohio Foundry Co., maintains an enameling division em- 
bodying latest efficiency methods. The company was 
among the first to enamel washing machines with produc- 
tion equipment, the one-coat tub, the all-white tub, and 
the washing machine tub on a fixture to support the bot- 
tom. All the ware is moved on a conveyer system built at 
the plant. E.J.V. 
Water-wash spray booths in the porcelain enameling 
industry. Anon. Enamelist, 14 (9) 8-10 (1937).—A 
combination spray booth consisting of a dry reclaiming 
chamber and a wet dust-collecting compartment has been 
developed. Dry collection of approximately 85% of the 
spray dust takes place, and the undesirable spray dust, 
about 15%, is accumul~ted in the water-wash compart- 
ment, eliminating any objections of health authorities. 
Illustrated. E.J.V. 
Welding malleable cast iron. Review of the literature 
to Dec. 1, 1936. W. Spraracen anv G. E. Claussen 
Welding Jour. (N. Y.|, 16 [6] Supp. 10-14 (1937).—The 
properties of welded black and white cast Fe are tabulated. 
32 references. W.H.B. 
Worlc’s largest continuous porcelain enameling furnace. 
Anon. Enamelist, 14 [8] 18-20 (1937).—A detailed de- 
scription of the continuous porcelain enameling furnace in 
the plant of Norge Corp. at Muskegon Heights, Mich., 
which is capable of producing 5000 sq. ft. of ware per hour, 
is presented. Illustrated. E.J.V. 
Zinc oxide. Harry W. Smirn, Jr. Enamelist, 14 [9} 
12-13 (1937).—Zinc oxide gives improved color, gloss, and 
brilliance to glasses, glazes, and enamels and may add ma- 
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terially to surface hardness and durability. It also ren- 
ders vitreous substances more elastic, in many cases in- 
creases acid resistance without impairing the opacity, and 
reduces frit solubility in mill liquor. In the “indirect” 
process, zinc oxide is produced through combustion of 
zine vapor arising from boiling pots of molten metallic 
zinc. The more generally used ‘‘direct’’ process develops 
the end product directly from the ore by reducing the zinc 
ore with carbonaceous fuels and immediately burning the 
zinc vapor to zinc oxide in the same furnace. This mate- 
rial is a quality constituent in producing high-grade 
ceramic products. E.J.V. 
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Decorative coating and process of making. GroRGE 
Srrovy (Century Vitreous Enamel Co.). U. S. 2,085,875, 
July 6, 1937 (Oct. 2, 1936). The process of providing a 
decorating coating comprises applying a foundation coat- 
ing, firing it, applying a liquid coating of base color, 
allowing the coating to partially dry so as to form an outer 
skin overlying a fluid layer of the base color, working the 
skin while it is floating on the fluid layer to cause it to 
wrinkle into a relief formation, thereafter spraying the 
relief formation from an angle with a contrasting color to 
effect an uneven application of the contrasting color on the 
base color, and finally firing the base and contrasting 
colors to provide a hard protective and decorative coating. 
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proving enamels and glazes comprises reacting compounds 
of magnesium, boron, silicic acid, and fluorine so as to pro- 
duce a magnesium boro-fluorosilicate. G.M.H. 

Enameling furnace. Lee WiLson AND J. C. Woopson. 
U. S. 2,086,971, July 13, 1937 (Feb. 19, 1936). 

Enameling machine. E.H. Harris ( Wheeler Insulated 
Wire Co.). U. S. 2,087,145, July 13, 1937 (March 30, 
1936). 

Enamelware. J. E. Rosenserc (O. Hommel Co.). 
U. S. 2,086,190, July 6, 1937 (June 3, 1935). In the 
method of coating an iron or steel article with enamel, the 
steps consist in providing upon the ferrous surface of the 
article a screen of inert material which affords localized and 
irregular protection against erosion, fusing upon the ferrous 
surface a coating of glass that contains an oxidizing agent 
in sufficient quantity actively to attack and erode the ferrous 
surface through the interstices of the screen, and allowing 
the so-coated article to grow cold, whereby the ferrous 
surface is pitted, the molten glass is caused to penetrate 
the pits, and the solidified coating is keyed to the metal. 

Enamelware method. J. E. Rosenserc (O. Hommel 
Co.). Can. 366,957, June 22, 1987 (Dec. 31, 1935; in 
U. S., Jan. 10, 1935); see preceding patent. G.M.H. 

Manufacture of washtubs. F.M. VoGan (Reeves Mfg. 
Co.). U.S. 2,084,467, June 22, 1987 (Nov. 23, 1934). 

Means for applying vitreous enamel. G. L. STRUBLER 
(Corning Glass Works). U. S. 2,085,278, June 29, 1937 


Enamel and glaze preparation. Cart Oper.tANDER (Feb. 9, 1933). 
AND F. H. Zscuacxe. Can. 365,909, May 4, 1937 (May White clouded enamel. IcNatz Kreimp.. Can. 366,- 
20, 1936). Method of producing a preparation for im- 392, May 25, 1937 (Aug. 20, 1936). G.M.H. 
Glass 


Accelerating glassmelting. M.G.Cuernyax. Keram. 
& Steklo, 13 [3] 23-25 (1937).—The effect of the grain 
size of the batch on the rate of melting is discussed in de- 
tail. A dust-like batch is recommended for melting. 

M.V.C. 

Change from oil to gas improves glass feeders. ANON. 
Ind. Gas, 15 [12] 10 (1937).—Three melting furnaces of 
35, 50, and 100 tons capacity supply 16 bottle machines. 
Each feeder is 80 in. long and 26 in. wide outside, and is 
equipped with six low-pressure inspirator gas burners. A 
gas-fired furnace is used to preheat the plugs and tubes 
used in the feeders. S.S. 

Compressibility of fused-quartz glass at atmospheric 
pressure. WaLTER B. Emerson. Jour. Research Nat. 
Bur. Standards, 18 [6] 683-706 (1937).—The compres- 
sibility of fused-quartz glass was determined with sufficient 
accuracy to establish the required corrections for change of 
length with change of pressure of the fused-quartz 
étalons used in a Fabry-Perot interferometer to evaluate 
the indices of refraction of air for converting standards of 
wave-length in air to their value in vacuo. Compres- 
sibility determinations were made for the same changes of 
pressure that were used for index measurements, viz., from 
vacuum to atmospheric pressures. Determination of the 
compressibility of fused-quartz glass was made by inter- 
ferometric comparison of the relative change in length of 
end gages of fused quartz and stainless steel. Values for 
the compressibility of both fused quartz and stainless steel 
were also determined by a direct method which depended 


upon the relative change in length of a closed tube and a 
solid gage of the same material. By this method the com- 
pressibilities were determined independently. Relative 
values for fused quartz and stainless steel were also derived 
from comparative changes in length with pressure of tubes 
and gages of dissimilar materials. The measurement for 
the longitudinal compressibility of clear, annealed, fused- 
quartz glass for a pressure of 1 atm. was 9.9 X 107? and 
for heat-treated, 14% chromium steel for a pressure of 1 
atm., 3.1 X 1077. R.A.H. 
Contact glasses. Gorpon M. Bruce. Amer. Jour. 
Ophthalmology, 20 [6] 605-18 (1937).—The application of 
ground and blown contact lenses to the correction of eye 
defects is fully discussed. See ‘“Invisible—,’’ Ceram. 
Abs., 16 [1] 13 (1937). A.P. 
Crystallization of ordinary sodium silicate glass. Harrt- 
mutT WieuR. Sprechsaal, 70 [11] 146-49; [12] 158-61; 
[13] 1738-74; [14] 182-84; [15] 198-201 (1937).—The 
purpose of this study was to determine the dependence of 
crystallization on temperature and time and the effect of 
the nature of surfaces, air moisture, and of the surrounding 
medium on crystallization. Experiments at lower tem- 
peratures were conducted to determine whether crystal- 
lization of glass near or below the transformation point is 
possible. To eliminate difficulties which may appear be- 
cause of the change in concentration ratios and through 
the diffusion of glass components during crystallization of 
complex glasses whose crystallization products have a 
different chemical composition than the glass itself, 
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glasses with almost stoichiometric composition were 
selected, ¢.g., sodium metasilicate and sodium disilicate 
glasses in which only a one-phase devitrification was ob- 
served. The crystallization of glasses was determined by 
means of a microscope, ultra-microscope, X-ray, and phos- 
phorescence. The last method is made possible by the 
fact that glass exposed to X-ray fluoresces only, while 
crystallized samples phosphoresce also. The results of 
the detection of crystallization by different methods agree 
well. In vitrified sodium silicate the crystallization tem- 
perature (398 = 4°C), which lies a few degrees above the 
transformation point (390 + 5°C), was determined. No 
devitrification was observed below the transformation 
point. The curve of crystallization velocity of sodium 
disilicate glass is similar to curves of complex technical 
glasses. The results of the determination of the effect of 
surface nature on crystallization for sodium disilicate show 
that the number of crystals per surface unit increases ac- 
cording to different surfaces in the following sequence: 
fire-polished surface, “‘reflecting’’ surface of “fracture,” 
ground-polished surface, fine-polished surface, and coarsely 
polished surface. The crystals have practically the same 
size in the different surfaces, except the fire-polished sur- 
face, with constant conditions of crystallization. Only 
crystals of medium size were observed on each surface. 
It is concluded, therefore, that all crystal nuclei were 
formed approximately at the same time. This was con- 
firmed by further experiments in which crystals were 
grown after interrupting annealing and chilling the glass 
samples to room temperature, as no new crystallization 
centers were formed. The crystallization experiments on 
vitrified sodium disilicate in a vacuum, in nitrogen, and in 
air showed that the number and size of crystals were smaller 
on the surface annealed in a vacuum than on that annealed 
inair. Experiments made in dried air and in dried nitrogen 
showed a different number and size of crystals on the sur- 
faces than on those treated in moist air. Annealing glass in 
a vacuum below the tra_isformation point greatly increased 
the number of crystals, which were formed at higher tem- 
perature and in dried air. It is assumed that the processes 
of crystallization of glasses are similar to those of the re- 
crystallization of crystals. On the basis of temperature laws 
for the formation of granules and their growth at recrystal- 
lization, it is assumed that the crystallization of glass below 
the temperature of transformation and a further growth of 
crystals already present are quite possible, although these 
temperature laws for devitrification are unknown. From 
experiments with surface crystallization, W. concludes that 
crystal nuclei are formed on predetermined places of the 
surface during devitrification and that their energy is in- 
fluenced by the adsorption of molecules of the surrounding 
gases or steam. Whether a definite time is necessary for 
the formation of crystal nuclei during devitrification could 
not be determined. The rate of crystallization on the 
surface depends slightly on the structure or nature of the 
surface, but it is influenced by gas. M.V.C. 
Furnace for studying fusion and degasification in glass 
manufacture. Bromiel. TJekhnika [U.S.S. R.], No. 21, 
p. 410 (1935).—The furnace installation in the Research 
Institute of Glass in Moscow is the only one in the world. 
In this furnace it is possible to effect electrofusion of glass 
in complete vacuum or under a pressure of 150 atm. 
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During the investigation it is possible to check and to take 
photographs of the process of fusion, to operate the crucible 
exteriorly, and to obtain high temperatures, about 1500°C, 
at high pressures. The electrofusion in vacuum repre- 
sents a complete reorganization in glass manufacture and 
shows the possibility of the mechanization and automatiza- 
tion of glass production. B.E.K. 
Gases in some optical and other glasses. CLARENCE 
HAHNER, GEORGE Q. VOIGT, AND ALFRED N. FINN. 
Jour. Research Nat. Bur. Standards, 19 {1} 95-103 (1937); 
R.P.1014. Price 5¢~——An apparatus and method for re- 
moving the gases dissolved in glass by vacuum fusion and 
for determining the quantity of gases are described. De- 
terminations of gases in 3 types of optical glass and 7 
commercial glasses were made. Approximately the same 
quantities of water were found in both glasses, but the 
total volume of other gases, such as CO:, SO:, On», etc., 
never exceeded 10 ml./100 g. of optical glass, while the 
window glass contained from 34 to 73 ml./100 g. of glass. 
In the optical glasses, especially the light barium crown 
glass, there was no indication of a relation between the 
quantity of gas obtained and the number of ‘‘seeds’’ in the 
glass or any significant change in the gas content of the 
glass during the stirring and fining periods. R.A.H. 
Heat transfer in glass tanks. C. Cone. Ceram. Ind., 
27 [1] 3442 (1936).—The hypothesis is that secondary 
phases of heat flow through the molten glass bath and 
tank blocks have an important effect in determining melt- 
ing capacity and glass quality. If empirical data are valid 
and assumptions correct, the following conclusions may be 
drawn: (1) Most commercial glasses are relatively trans- 
parent to black-body radiation at tank combustion tem- 
peratures; the effect of such radiation will be detectable 
at depths up to 12 in. (2) A relatively shallow primary 
convection circulation exists in melting tanks; this iso- 
lates the top layer of glass. Movement of glass through 
the tank is essentially confined to this primary layer. (3) 
The capacity of a given tank for producing seed-free glass 
is a function of the depth of the primary layer. (4) The 
depth of the primary layer depends on temperature gra- 
dients in the molten glass and can be varied by influences 
changing the shape of isothermal lines. (5) Luminous 
carbon radiation in the flame, since it is absorbed below 
the glass surface, lowers the critical isothermal boundary 
as compared to equal heat transfer by conduction, and thus 
tends to increase tank capacity, improve fuel economy, 
and reduce refractory maintenance when properly con- 
trolled. E.J.V. 
Making Coca-Cola bottles. J. B. Nearey. Ceram 
Ind., 27 [2] 114-16 (1936).—N. gives a detailed description 
of the plant and operations of the Chattanooga (Tenn.) 
Glass Co., which uses gas in melting, glazing, and anneal- 
ing operations while turning out 30,000,000 bottles a year. 
E.J.V. 
Making glass for Ford V-8’s. Anon. Ceram. Ind., 27 
[3] 170-78 (1936).—In the three million dollar plate-glass 
plant at Ford’s Rouge Works in Dearborn, Mich., modern 
processing advances are found in (1) the completely auto- 
matic and dustless method employed in batch handling 
and weighing, (2) briqueting of the mixed batch, (3) a 
unique manner of handling the glass during grinding and 
polishing, (4) reclaiming of water used in grinding and 
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polishing, (5) labor and time-saving machines used for 
cutting windows and windshields, and (6) many control 
devices on the production line. A complete description of 
the methods used is presented. Illustrated. E.J.V. 
Mending molds in the glass industry. Anon. Nickel 
Bull., 10 [5] 120 (1937).—Cast-iron molds used in the glass 
industry often become defective through the development 
of pits or cracks which cause flaws in the finished product. 
If these irregularities are drilled out, they may be plugged 
with soft Monel wire, and, after smoothing off, the mold is 
again ready for use. Repeated tests showed that Monel 
plugs will not loosen, corrode, or mark the glass. H.H.S. 
Metallurgical needs of the glass industry. R. D. 
Smitrn. Glass, 14 [3] 88 (1937).—Metals consumed in 
the manufacture and handling of glassware are divided 
into (1) equipment subject to wear and abrasion in the 
handling and mixing of the raw materials, oxidation and 
wear of the furnace parts, and grinding and finishing opera- 
tions on the glassware; and (2) parts for handling and 
shaping the molten glass. The requirements of the metal 
to be used in the major pieces of equipment are suggested. 
M.C.S. 
Press molds from special steel. M. A. Lirsnirz. 
Keram. & Steklo, 13 [4] 29-32 (1937).—The use of steel 
press molds for special glassware is discussed. Experi- 
ments showed that (1) the steel must be entirely uniform; 
(2) the polished surfaces can not oxidize under the condi- 
tions at which glassware is pressed (950 to 1050°C) and 
under the effect of molten glass; (3) the coefficient of 
linear expansion of the steel must be as low as possible; 
(4) steel must be easily worked; (5) the surface should be 
easily polished; and (6) the steel should not crack because 
of sudden temperature variations. The composition of 
these special steel alloys is discussed. M.V.C. 
Seeds in soda-lime glass. A. E. Bapcer. Ceram. 
Ind., 27 [1] 17-21 (1936).—In an attempt to summarize 
information on seeds, B. discusses the amount of gas 
liberated by a batch on melting, effect of minor changes in 
composition, presence of dissolved gases in glass, effect of 
temperature, pressure, and stirring on the gases in glass, 
use of fining agents, influence of furnace atmosphere, and 
refractories as causes of seeds. Z. C. Kune. Jbid., [3] 
208.—When a change to natural gas fuel resulted in seedy 
glass, the seeds were eliminated by changing the burners 
so the gas could enter the furnace at a lower velocity and 
the fiame was more luminous and had a softer rolling effect. 
It was also possible to lower the melting-end temperature 
about 30° with no harmful results. E.J.V. 
Shatterproof glass produced in Germany. ANoN. 
Chem. & Met. Eng., 44 [3] 167 (1937).—Plexiglass, a 
polymerized methyl ester, is strictly an organic glass 
without a silicate foundation and is not attacked by air, 
rain, or acids; certain organic chemicals, however, such as 
benzol, chloroform, and alcohol, dissolve it. This glass has 
been found suitable for use in airplanes and automobiles, 
having high strength and weighing less than half as much 
as silicate glasses. See ‘‘Multilayer—,”’ Ceram. Abs., 16 
[5] 147 (1937). M.C.S. 
Spun glass and kieselguhr as heat insulation. H. 
Watts. Brennstof- & Warmewirt., 19 [1] 1-6 (1937).— 
The general insulating properties of spun glass and kiesel- 
guhr are compared; from the standpoints of technical suit- 
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ability and economy, both are’ considered satisfactory. 
For any installation strict account must be taken of the 
thermal conductivity at the actual operating temperature; 
hence handbook and laboratory values must be used with 
extreme caution. F.P.P. 
Status of glass decoration in Germany with examples. 
W. von Err. Glastech. Ber., 15 [1] 25-36 (1937).—A 
cross-section is given of the status of glass decoration in 
Germany, including hollow ware, tableware, glass painting, 
and glass mosaic. E. first gives a short review of the de- 
velopment of glassworking in general from technical and 
style viewpoints to facilitate a more intelligent evaluation 
of recent’ works and endeavors. Illustrated. G.R.S. 
Surface cracks in glasses. E. N. pa C. ANDRADE AND 
L. C. Tsten. Proc. Roy. Soc. [London], A159, 346-55 
(1937).—By attack with sodium vapor at about 350°C, a 
series of fine lines are developed on the surfaces of hard 
glasses which, by their nature, position, and direction, can 
not be attributed to mechanical scratches. These lines 
are not found with freshly drawn specimens but are fre- 
quent on the same glasses after several hours aging. The 
authors believe that they are visual evidence of the exist- 
ence of the minute surface flaws postulated by A. A. 
Griffiths as responsible for the breaking of glass below its 
theoretical strength. On annealed optical glass they form 
an orthogonal system which may arise in directions normal 
to the principal stresses. Other surface markings, such as 
scratches and drawing marks, can be developed by hydro- 
fluoric acid attack; the ‘Griffiths cracks’’ can not be so 
brought to light. Etching by hot sodium vapor may be a 
valuable method of investigating the structure of glasses 
Sixteen photographs of etch figures are included. A.P. 
Thermal expansions of some commercial glasses. A. 
E. BADGER AND R.C. Taytor. Ceram. Ind., 26 [6] 416- 
17 (1936).—Data are presented on the chemical composi- 
tion, thermal expansion coefficients, softening tempera- 
tures, and thermal expansion curves of thirteen commer- 
cial glasses. E.J.V. 
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Nepheline syenite rock as a partial substitute for soda 
ash in the glass industry of India. V.S. DuBey AND P.N. 
AcarwaLa. Bull. Ind. Research Bur., Govt. of India, No. 
7, 19 pp. (1937). Price 8d. Most of the glass made in 
India is soda-lime glass, for which the raw materials re- 
quired are sand, lime, and soda ash. The first two are 
abundant in India, but soda ash has to be imported at a 
price about 50% higher than it is in England and other 
countries which produce their own. On the average, 
soda ash represents a considerable proportion (about 75%) 
of the cost of raw materials for making glass in India. The 
authors’ experiments show that it is possible to replace 
about 50% of the soda ash used by Indian glass manufac- 
turers with alkali-containing rocks and minerals occurring 
in India, provided that the percentage of alumina intro- 
duced into the glass does not exceed about 8%. It is 
claimed that this will reduce the cost of raw materials by 
30%. More than one kind of rock could be used for this 
purpose, but the authors conclude that nepheline syenite 
rock is superior to other alkali-containing rocks, such as 
graphitic granite and feldspar, as a glassmaking material, 
as it is easily accessible, occurs in large deposits, and con- 
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tains about 15% alkali, mostly Na,O. Nepheline syenite 
rock batches can be easily worked in the present direct-fired 
pot furnaces. With two different glasses having the same 
chemical composition but deriving their alkali from nephe- 
line syenite and feldspar, the one containing nepheline rock 
melts much more easily than the glass containing feldspar. 
The only drawback to this glass is that it is highly colored. 
The percentage of iron introduced into glass by the use of 
nepheline syenite rock is too high to be neutralized by 
using manganese dioxide as a decolorizer; hence it is not 
possible to obtain perfectly colorless glass by the use of 
this rock in its natural form. The ferro-magnesium 
minerals, however, could be easily and cheaply extracted 
from the rock by electromagnetic separators. The occur- 
rence in India and chemical composition of alkali-contain- 
ing rocks and minerals, particularly nepheline syenite 
rocks, are described. It is pointed out that good glass 
varying in color from deep green to strong amber car. be 
prepared from nepheline syenite batches simply by the 
proper adjustment of the percentage of manganese dioxide 
in the batch. A.P.Som 


PATENTS 


Apparatus for drawing sheet glass. PiLKINGTON Bros., 
Lrp., AND J. B. Watt. Brit. 467,580, June 30, 1937 
(Dec. 18, 1935). 

Building block. J.C. Keaney (Sam B. Meyer). U.S. 
2,086,185, July 6, 1937 (Aug. 24, 1936). A masonry block 
comprises an integrally blown hollow glass building block 
or brick having stress-resisting walls, one of the walls 
including an opening remaining after the removal of a 
blow neck, as described, and an independently formed 
shield assembled with the wall and over the opening. 

Ceramic stack. H.C. Bates (Corning Glass Works). 
Can. 364,913, March 23, 1937 (Oct. 18, 1984). G.M.H. 

Device for the stopping of melted glass at the outlet of 
a tank furnace, and installations provided with the device. 
ComMPAGNIES R&UNIES DES GLACES ET VERRES Sp&cIAUX 
pu Norp DE LA France. Brit. 466,437, June 9, 1937 
(March 28, 1935). 

Double-wall glass container producing machine. Joxkon 
Dicuter. Can. 366,368, May 25, 1937 (Jan. 29, 1936). 

G.M.H. 

Drawing glass. W. J. Woops (Corning Glass Works). 
U. S. 2,085,245, June 29, 1937 (Oct. 22, 1930). 

Forehearth for molten glass. K. E. Permer (Hartford- 
Empire Co.). U. S. 2,085,328, June 29, 1937 (Dec. 14, 
1935). 

Forming machine for glass bottles, jars, etc. T. F 
Pearson. Brit. 466,575, June 9, 1937 (Nov. 30, 1935). 

Forming machine for glassware. T. F. PEARSON. 
Brit. 467,350, June 30, 1937 (Jan. 22, 1936). 

Glass article forming machine. Joxop Dicuter. Can. 
366,370, May 25, 1937 (Jan. 29, 1936). G.M.H. 

Glass article tempering method. J. T. LirrLeTon 
(Corning Glass Works). Can. 366,949, June 22, 1937 
(Feb. 8, 1935; in U. S., April 17, 1935). G.M.H. 

Glass batch and process of making. H. P. Ex ts, Jr., 
AND H. N. Barrett (Non-Metallic Minerals, Inc.). 
U. S. 2,084,328, June 22, 1937 (March 4, 1935). A glass 
furnace charge comprises silica, soda, and a lime com- 
ponent, part at least of the lime component embodying 
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the reaction product of a limestone calcined with an alu- 
minous flux. 

Glass beveling machine. R.B.Smiru. Can. 365,006, 
March 23, 1937 (Aug. 21, 1935). G.M.H. 

Glass closure for metal containers. R. D. Smirn 
(Corning Glass Works). U. S. 2,085,277, June 29, 1937 
(Feb. 11, 19385; Nov. 21, 1935). 

Glass gathering apparatus. A. C. Parker (Libbey 
Glass Co.). Can. 365,697, April 27, 1937 (Jan. 27, 1936). 
H. R. Scnutz (Libbey Glass Co.). Can. 365,698, April 
27, 1937 (Jan. 27, 1936). G.M.H. 

Glassmaking apparatus. Verci. MULHOLLAND (Hart- 
ford-Empire Co.). Can. 364,432, March 2, 1937 (May 2, 


1935). G.M.H. 
Glass mold. Joxop Dicurer. Can. 366,369, May 
25, 1937 (Jan. 29, 1936). G.M.H. 


Glass mold. C. J. Docxray anp H. J. Docxray 
U. S. 2,084,794, June 22, 1937 (Jan. 2, 1935; July 10, 
1935). 

Glass pane! building construction. R.L. Homi. Can. 
365,274, April 6, 1937 (Nov. 4, 1935). G.M.H. 

Glass plate edge grinding machine. N. H. Kiaces. 
Can. 366,565, June 1, 1937 (May 26, 1936); see “Edge 
—,"’ Ceram. Abs., 16 [7] 204 (1987). G.M.H. 

Glass tempering process. LAMBERT VON Reis (Verein- 
igte Glaswerke Aachen, Zweigniederlassung der A.-G. 
der Spiegelmanufakturen und Chemischen Fabriken von 
St. Gobain, Chauny & Cirey). Can. 364,969, March 


23, 1937 (March 13, 1936). G.M.H. 
Glass toughening method. Fritz Eckert. Can. 367,- 
024, June 29, 1937 ( April 26, 1934). G.M.H. 


Glass vessel manufacture. Joxos Dicnter. Can. 
366,367, May 25, 1937 (Jan. 29, 1936). G.M.H. 

Glassware forming machine. Frank O’Nem.. Can 
366,247, May 18, 1937 (Sept. 26, 1935). G.M.H. 

Glass wool manufacture. G. SLayrerR anv J. H. 
Tuomas, Jr. (Owens-IIlinois Glass Co.). Can. 367,047, 
June 29, 1937 (Feb. 15, 1935). G.M.H. 

Hollow glass article forming machine. W.H. WarTkKINs 
anpd C. C. Kinxer (Owens-Illinois Glass Co.). Can. 
366,680, June 8, 1937 (Jan. 2, 1936). G.M.H. 

Hollow glassware production. G. E. Rowe (Hartford- 
Empire Co.). Can. 366,669, June 8, 1937 (May 11, 1936); 
see “‘Method of making glassware,”’ Ceram. Abs., 16 [2] 
62 (1937). G.M.H. 

Laminated glass manufacture. R.H. Dusors (Ameri- 
can Window Glass Co.). Can. 366,651, June 8, 1937 
(May 19, 1936). G.M.H. 

Large glass article casting apparatus. G.V. McCauLey 
(Amory Houghton). Can. 366,948, June 22, 1937 (Dec. 
23, 1935). G.M.H. 

Machine for forming hollow glassware. T.F. PEARSON. 
Brit. 467,452, June 30, 1937 (Jan. 22, 1936). 

Manufacture of glass. T. F. PEARSON. 
June 16, 1937 (Dec. 5, 1935). 

Manufacture of safety glass. Orro Havurrs (Deutsche 
Celluloid-Fabrik). U. S. 2,087,090, July 13, 1937 (May 
8, 1935). 

Manufacture of splinterless glass. I. G. FARBEN- 
inpustrig A.-G. Brit. 467,428, June 30, 1937 (Dec. 14, 
1934). 

Method of making glasses resistant to alkali-meta! 


Brit. 466,797, 
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vapors. R. H. Darton (Corning Glass Works). U. S. 
2,085,251, June 29, 1937 (Nov. 6, 1934). The method of 
treating glass to make it resistant to discoloration by hot 
alkali-metal vapors includes wetting the surface of the 
glass with a solution consisting of an alkali compound 
and a solvent, and heating the glass to fuse the alkali 
compound to the glass in a homogeneously attached, sub- 
stantially transparent layer which is thick enough to pre- 
vent discoloration of the glass by the alkali-metal vapor 
and thin enough to resist cracking and crazing. 

Mineral wool. H. T. Coss (Johns-Manville Corp.). 
Can. 365,644, April 27, 1987 (May 17, 1935). G.M.H. 

Mineral wool mixture. J. B. Neat (Johns-Manville 
Corp.). Can. 365,645, April 27, 1937 (July 5, 1935). 

G.M.H. 

Opaque lead glass of low melting point. J. E. Rosen- 
BERG (O. Hommel Co.). U. S. 2,084,747, June 22, 1937 
(Aug. 17, 1934). A low melting-point lead glass smelted 
from a batch of which lead oxide is by weight the major 
component and whose melting point does not exceed 
1400°F, in which there is additionally present an opacify- 
ing content of lead phosphate. 

Protective glass containing neodymium. Decea AkKT.- 
Ges. (Auerges.). Brit. 466,262, June 9, 1937 (May 25, 
1936). 
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Refractory glasses. GeNeRAL Exvecrric Co., Lrp. 
(Patent-Treuhand-Ges. fiir Elektrische Gliihlampen). 
Brit. 467,362, June 30, 1937 (April 6, 1936). 

Shaped glass article. A. H. Srewarr. Can. 366,750, 
June 8, 1937 (June 17, 1936). G.M.H. 

Shaped glass article and method of producing. A. H. 
Stewart. Brit. 467,221, June 23, 1937 (June 23, 1936). 

Silica sand purification method. F. W. Apams (Fred- 
erick William Adams and Rockware Glass Syndicate, Ltd.). 
Can. 366,151, May 18, 1937 (Sept. 5, 1984). G.M.H. 

Splinterless materials, particularly splinterless glass. 
Grorc KRrANZLEIN (I. G. Farbenindustrie A.-G.). U. S. 
2,086,506, July 6, 1937 (April 16, 1931). (1) A splinter- 
less glass consists of two sheets of glass having interposed 
therebetween as a binding agent to secure adhesion of the 
glass sheets a product of the conjoint polymerization of 
vinyl acetate and acrylic acid ester. (2) A laminated 
object comprises at least one sheet of glass and a film com- 
prising a polymer of a mixture of at least two unsaturated 
organic compounds. 

Tempered glass and process for manufacturing. Soc. 
ANON. DES MANUFACTURES DES Graces & PRODUITS 
Curmigues Sr.-Goparn, CHauny & Crrey. Brit. 
467,607, June 30, 1937 (Dec. 22, 1934). 
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Colors for sand-mold brick. F. E. Lopaucn. Bull. 
Amer. Ceram. Soc., 16 [7] 279-82 (1937). 

Standard testing method in heavy ceramics. H. Hecur. 
Tonind.-Zig., 61 [24-25] 277-82 (1937).—H. discusses 
testing methods used for determining some properties of 
brick, such as strength and density, and the effect of mois- 
ture and weathering on them. Standard testing methods 
used in Germany and other countries and some experiments 
made in the laboratory of the Tonindustrie are described 
The results are given in tables. A literature index is given. 

M.V.C. 

Stoneware pipes for house connections. E. S. Sroxss. 
Clay Prod. Jour. Australia, 4 [7] 15-17 (1937).—The fact 
that the lines are buried and situated so as to make ade- 
quate inspection difficult makes the use of cement im- 
practical, Improvements in the manufacture of cement 
pipe do not diminish their liability to attack. Stoneware 
is resistant to the destructive agencies and should always 
be used for sewers and drains. H.H.S. 

Strength of brickwork in relation to that of brick and 
mortar. N. Davey. Brit. Clayworker, 46 [542] 87 
(1937).—The results of tests on small piers are as follows: 
(1) no increase in strength is to be gained by using, with 
the particular type of brick used in this study, a mortar 
richer than 1 (cementitious):3 (sand) by volume; in fact, 
a decrease is to be expected; (2) lime up to 50 to 60% of 
the volume of the tatal cementitious material, i.e¢., lime 
plus cement, can be used in a 1:3 mix without any appre- 
ciable fall in pier strength; and (3) there is little increase 
in pier strength when mortar having a crushing strength 
higher than 1000 Ib./in.* is used. A rounded sand was 
used in the mortar. R.A.H. 

Transverse and compressive strength of building brick. 
J. W. McBurney. Brit. Clayworker, 46 [542] 88 (1937). 
—M. summarizes current methods of testing the trans- 


verse and ccmpressive strength of building brick and the 
effect of certain variables, ¢e.g., method of capping speci- 
mens, on the results. R.A.H. 

Wick test for efflorescence of building brick. Joun W. 
McBurney AND Dovctas E. Parsons. Jour. Research 
Nat. Bur. Standards, 19 [1] 105-109 (1937); R.P. 1015. 
Price 5¢.—The wick test used at the National Bureau of 
Standards for indicating the tendency of brick to be a 
source of efflorescence on masonry is described, and the 
scale of grading used in reporting and comparing the re- 
sults is outlined. Comparisons are made between the 
performance of brick in the test and the appearance of 
efflorescence on brick masonry exposed to the weather at 
Washington, D.C. The results showed that (1) if con- 
siderable efflorescence appeared on brick in the 5-day wick 
test, masonry panels built of brick of the same brand 
showed an objectionable amount of efflorescence; (2) 
if the efflorescence on brick in the wick test was only a 
trace or less, most of the masonry panels built from the 
same brand of brick showed only a slight amount of (or no) 
efflorescence; and (3) soluble salts from mortar appeared 
to have caused efflorescence on some of the panels. 

R.A.H. 
PATENTS 

Building brick. T.O.Raap. U. S. 2,086,989, July 13, 
1937 (Nov. 11, 1936). 

Hollow brick closing apparatus. A.H. UL ciricn. Can. 
365,306, April 13, 1937 (July 22, 1935). G.M.H. 

Manufacture of brick, blocks, etc. A. VAN DER Oorp. 
Brit. 466,920, June 23, 1937 (April 21, 1936). 

Waterproof wall. E.J. Wasa. U.S. 2,085,618, June 
29, 1937 (July 29, 1935). In a wall structure, inner and 
outer layers of a brick and a’ waterproof multiple sheet 
member interposed between the inner and outer layers of 
brick. 
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Refractories 


Action of slags on refractories and some methods of 
testing. A. E. Dopp. Trans. Ceram. Soc., 36 (2) 63-73 
(1937).—Factors in the action of slag as a cause of refrac- 
tory failure are treated with a view that in practice only 
the properties of the refractory can be altered. D. dis- 
cusses the resistance of the various refractory composi- 
tions such as silica, magnesite, fire clay, and chrome- 
magnesite, together with examples of the use of equilib- 
rium diagrams in predicting the extent of slag attack. 
The importance of the physical properties, texture, tensile 
strength, resistance to abrasion, thermal conductivity, and 
emmissivity, is indicated. The chief difficulties encoun- 
tered in laboratory slag tests are the complete reproduction 
in the laboratory of working conditions or, conversely, the 
elimination of all but one factor and the quantitative 
measurement of the results obtained. Future research 
should be conducted on those chemical and physical effects 
which are fundamental. R.H.H.P., Jr. 

Analysis of design and construction of hot-blast stoves. 
ALBERT Mone, JR., AND Frep Write. Iron Age, 136 
{1] 12-17 (1935).—In design of a hot-blast stove the prime 
consideration is structural stability. This depends on (1) 
thickness of the brick, (2) size and shape of the brick, (3) 
arrangement of brick and fillers to form flues, and (4) frac- 
tional checker around walls. The thickness of the checker 
wall is always related to the total heating surface desired, 
but stability demands a wall not less than 2 in. thick. 
Fractional checkers should be avoided. In determining 
proper thickness of brick, an efficiency (heat-storage factor) 
above 95% should be chosen. Heat capacity of the stove 
depends on the distribution of checker brick weight from 
top to bottom of the stove. Graphs and tables present 
efficiency of checker brick, critical velocities through 
various openings, heat transfer by radiation and convec- 
tion, and physical properties of gases and checker brick. 

E.H.McC. 

Care of cupola refractories. C. E. Bates. Foundry, 
63 [1] 44, 48 (1935).— Proper selection of high-grade cu- 
pola blocks and attention to operating details result in 
longer refractory life, more efficient cupola operation, and 
lower maintenance costs. Service rendered by cupola 
refractories depends upon the following destructive fac- 
tors: (1) intense heat in the melting zone, (2) chemical 
erosion by the flux and slag, (3) cutting action of the blast, 
(4) abrasion by coming-down charges, (5) spalling, and 
(6) breakage loss caused by chipping out the cupola. Each 
of these factors is discussed with respect to the following 
four divisions of the cupola: (a) the zone above the 
charging door, (b) the zone between the charging door and 
the top of the melting zone, (c) the melting zone proper, 
and (d) the crucible. The influence of proper cupola opera- 
tion upon refractory life is prominently stressed 

F.G.H. 

Checker brick for regenerators. ANoNn. Glass, 13 [12] 
519 (1936).—The introduction of the Didier-Werke or 
saddle-shaped checker brick has increased the operating 
efficiency of the regenerators and the mechanical strength 
of the unit. Its shape tends to decrease the dead spaces 
in the regenerator and prevents the settling of dust in the 
checkers which ultimately chokes the unit. M.C.S. 


Direct reduction of iron-containing bauxites by solid 
carbon materials in revolving furnaces. P. I. Doimsxil. 
Sovet. Met., 7 [1-2] 20-25 (1935).—-The principal purpose 
of this research was the examination of the behavior of 
iron-containing bauxites on direct reduction in a revolving 
furnace. The bauxites examined were of the following 
composition: SiO, 3.48, TiO, 4.64, ALO, 51.25, FeO, 
29.76, MnO 0.40, S 0.10, P 0.27, volatile matter 11, and 
hygroscopic moisture 0.5%. D. calculates, theoretically, 
the quantity of charcoal necessary to reduce the 20.81 
Fe,0;. To improve the process of reduction the quantity 
of charcoal was doubled. The reduction process and the 
results of the research are described. The following con- 
ditions are necessary for direct reduction of bauxites: (1) 
temperature of reduction 1050°C, (2) duration of reduc- 
tion 2 hr., (3) quantity of charcoal to weight of bauxites 
20%, (4) size of bauxite grain 1 mm., and (5) size of char- 
coal grain 0.5mm. This research has established the pos- 
sibility of complete and direct reduction of iron-containing 
bauxites. B.E.K. 

Directional distribution of radiation and reflection of 
heat rays on technically important surfaces. E. Eckerr. 
Arch. Wéarmewirt., 18 [4] 107-108 (1937).—E. gives a 
mathematical and graphical analysis of heat-exchange 
problems. See Ceram. Abs., 15 [8] 253 (1936). F.P.P. 

Efficient manufacture of dinas and silica brick. ANON. 
Tonind.-Zig., 61 [21] 246-49; [23] 270-71; [26] 293-95 
(1937).—A general discussion of the economical manufac- 
ture of dinas and silica brick is given with special regard 
to the working of raw materials, shaping, drying, and firing 
in gas chamber and tunnel kilns. M.V.C. 

Evolution of ceramics. A.trx Céram., 
Verrerie, Email., 4 [3] 89-94 (1936).—C. discusses the 
progress realized in ceramics, chiefly in refractories, whose 
classification is given. M.V.C. 

Flux; reduction experiments with iron-rich bauxites. 
J. Széx1 anv A. Romwa.ter. Magyar Kir. Jéssef Nddor 
Miszsaki és Egyetem Bénya-, Kohé- 
és Erdimérnéki Kar, Sopron. A bdnya és kohémérndki 
osstdly Késleményei, 7, 42-51 (1935).—Hungarian bauxites 
are very rich in Fe and contain appreciable amounts of Si 
and Ti; it is therefore difficult to separate Fe by magnetic 
processes, as Fe and Al are present in colloidal distribution. 
It seems, however, economically possible to apply a reduc- 
tion with soda and carbon as iron sponge, and Al,O,; can 
be produced in one heating operation, from which Fe can 
be more easily separated. Experiments are described. 

M.H. 

Furnace bottoms for tapping ash in the molten state. 
R. SHELLENBERGER. Mech. Eng., 58 [1] 30-34 (1936).— 
More than 80 slag-tap furnaces are in service, operating 
on coals with ash-fusion temperatures ranging from 1900 
to 2550°F. Water-cooled floor tubes, bedded in and 
covered with a plastic chrome refractory, provide an 
efficient form of furnace bottom for slag-tap furnaces. 
Tilustrated. F.G.H. 

Gas-fired tilting crucible furnace. INDUSTRIBOFENBAU 
G.m.B.H. Metal Ind. [London], 49 [15] 360 (1936).- 
Attached to the furnace body are two wrought-iron’ arms 
with hooks for carrying the ladle shank, which renders it 
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possible for one man to pour the metal into the ladle. The 


gas consumption is economical with a hot start: 


Metal Gas/100 Ib. Melting time for 
(cu. ft.) 200-Ib. charge (min.) 

Gunmetal 455 50 

Brass 40 

Aluminum alloys 455 30 


Illustrated. H.E.S. 
Insulating of glass tank saves fuel; no harmful effects. 
Joun Kiumpp, Jr. Ceram. Ind., 27 [2] 99 (1936).—Ex- 
periments with insulation at the Macbeth-Evans Glass 
Co., Elwood, Ind., included insulation of fire brick on re- 
cuperator stacks on one continuous tank and of the silica 
brick crown in the melting and working end and the flux 
block in the working end of a second continuous tank. 
Using 2'/: in. of a vermiculite insulation, no harmful 
effects resulted, and the fuel savings of 3 to 4% made the 
installation pay for itself within a short time. E.J.V. 
Insulating refractory brick. A.V. Leun. Ind. Heat- 
ing, 4 [6] 464-70 (1937).—L. explains the economical ad- 
vantages of a brick which can serve both as refractory and 
as heat-insulating material in the construction of heating 
devices and discusses the factors in furnace design govern- 


ing the fuel economy and fuel requirements. Comparative 
examples are given. M.H. 
Laying up refractory. R. B. Purpy. Power, 79 (9) 


462-64 (1935).—P. discusses and illustrates construction 
details of various types of boiler settings. A bibliography 
is included. F.G.H. 
Method for determining thermal conductivity of refrac- 
tory materials at high temperatures. B. Ya. Pines, V. 
Ya. Biryk, AND O. M. Vorontna. Ukrain. Nauch.-Is- 
sledovatel. Inst. Ogneuporov & Kislotouporov, No. 37, pp. 
81-111 (1936).—The method of Wilkes (Jour. Amer. 
Ceram. Soc., 17 [6] 173 (1934)), used to determine the 
thermal conductivity of various refractories, is described. 
The values for grog, magnesite, and American and Rus- 
sian silicon carbide refractories are given in a table. 
M.V.C. 
Methods of testing tank brick. F. HESsSINGER. 
Sprechsaal, 70 [16] 211-12 (1937).—The known laboratory 
testing methods for tank brick are ineffective in the evalua- 
tion of the brick for their behavior in operation in glass 
works. H. describes a method for studying tank brick 
and discusses its use for determining the stability and be- 
havior of the brick under the effect of molten glass. Ex- 
amples are given. The method permits comparative 
studies between various types of brick, even of unknown 
composition, which are treated in the same tank. 
M.V.C. 
Mica schist. F. G. Perctvar. Tisco Rev. [India], 4 
{[2] 99-100 (1936).—Quartz schist, locally called mica 
schist, is quarried in Singhbhum, India, for lining the 
Bessemer converters in the steel works at Jamshedpur. 
The average consumption is nearly 2000 tons for the year, 
the amount available being 2 million tons. Analyses show 
86 to 96% SiOz, 1.5 to 10% Al,O;, and 1 to 1.14% Fe,0,. 
A.P.S. 
Monolithic baffie. Burton W. WHEELER. Power, 79 
[4] 198-99 (1935).—Relocating and replacing tile with 
plastic high-temperature cement to form a monolithic 
boiler baffle is described and illustrated. F.G.H. 
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Mortar for coke ovens. I. S. Karnarsxil anp V. A. 
Brom. Ukrain. Nauch.-Issledovatel. Ogneuporov & Kislo- 
touporov, No. 39, 60 pp. (1936); abstracted in Referat. 
Silikatliteratur, 4 [4] 3991 (1937).—It was found that the 
introduction of clay (over 20%) into quartzite mixes 
affects the properties of the mix on firing. Their porosity 
is greatly lowered on firing to 1350°, their resistance to 
pressure is increased (when cold), and the volume di- 
minished. The refractoriness of the mixes decreases with 
increased clay content and reaches cone 26 in mixes con- 
taining 40% clay. Mixes of quartzite, clay, and chalk 
sinter at 850° which allows mortars of different properties 
to be obtained by varying their ratio of components. The 
addition of water-glass decreased the sintering temperature 
without greatly decreasing refractoriness. The use of 
quartz sand instead of quartzite increased porosity and 
lowered adherence and expansion. The fine grinding of 
sand does not improve the mix. Crushed silica lowers 
expansion; mechanical strength and porosity are not 
affected by the amount of crushed silica introduced. The 
mixes sinter at 1350° when large amounts of silica and clay 
are introduced. Variation in grain size affects porosity 
and strength of fired mixes. Standard specifications for 
such mortars are given. M.V.C. 

Natural steatite and its use in the manufacture of parts 
for various purposes. E. ALBERS-SCHONBERG. Silemag- 
Nachr., No. 15, pp. 21-29 (1937); abstracted in Referat. 
Stlikatliteratur, 4 [4] 3997 (1937).—-The manufacture of 
various articles from steatite which was not given ceramic 
treatment and its properties are discussed. The steatite 
blocks ate cut and shaped in the same way as wood or 
metal, and the articles are then calcined to redness to 
eliminate the chemically combined water. The composi- 
tion and characteristics of raw steatite are discussed in 
detail. M.V.C. 

Obtaining aluminum from clay. Question of raw ma- 
terials. W. Hornxe. Tonind.-Zig., 61 [16] 187-89 
(1937).—The metal aluminum is produced by electrolysis 
of alumina in melted cryolite. The method of Hall is 
chiefly used and is described. H. discusses the production 
of alumina and the alkaline methods of decomposition of 
Bayer and Loewig and Le Chatelier. Methods. Jbid., 
[18] 211-12; [19] 225-26.—Basically there are two ways 
in which alumina is obtained from clays, i.e., production 
by means of a ‘‘fused’’ reduction and production of alu- 
minum salts which are later decomposed and from which 
alumina is obtained by precipitation. A series of patented 
methods are briefly discussed, including the aluminum 
chloride, sulfate and bisulfate, aluminum sulfite, and alu- 
minum nitrate methods. M.V.C. 

Obtaining refractory raw materials with a high alumina 
content by means of chemical treatment. A. S. Bazi.e- 
AND E. A. Mineral. Syr’e, No. 8-9, pp. 
47-50 (1936); abstracted in Referat. Silikatliteratur, 4 [4] 
3914 (1937).—Kaolin fired to 980°C and treated with 
caustic alkali loses its SiO, whereby the residue yields more 
Al,O;. A table shows the results of treatment. 

M.V.C. 

Properties of refractory brick at Chasov-yar, Semiluki, 
and Borowichi works. V. K. Gruzinov. Sovet. Met., 
No. 10, pp. 16-19 (1936).—The chemical composition and 
physical properties of fire brick used for the construction 
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of blast furnaces should satisfy certain requirements. The 
various physical properties of fire brick of the above men- 
tioned works are studied. These brick have the following 
properties: (1) The volume of open pores for Chasov-yar 
brick is 5.5 to 10% in the mean, for Semiluki brick 11.5 
to 13.5%, and for Borowichi brick 12.5 to 14.5% in the 
mean. (2) The total porosity of Chasov-yar brick is 
11.5 to 19.5%, of Semiluki brick 23 to 25%, and of Boro- 
wichi brick 24.5 to 27.5% in the mean. (3) In respect to 
chemical composition, the Semiluki and Borowichi brick 
Al,O; content is 37 to 40%, and that of Chasov-yar brick is 
32 to 36%. The content of Fe,O, in all these brick varies 
from 1.5 to 2.5%. B.E.K. 
Reactions in solid state between magnesium oxide and 
iron oxide. B. Ya. Prunes AND V. YA. Ukrain. 
Nauch.-Issledovatel. Inst. Ogneuporov & Kislotouporov, No. 
37, pp. 35-58 (1936).—The properties of magnesite re- 
fractories are greatly affected by their iron oxide content. 
Various mixtures of iron and magnesium oxide were fired 
to different temperatures under oxidizing and reducing 
atmospheres; the mechanical strength of the products was 
then determined, and X-ray studies of the products were 
made. For the products fired in oxidizing atmosphere, the 
experiments show that magnoferrite (MgO-Fe,O;) was 
formed in the solid state from the components. X-rays 
show also the presence of this kind of crystal. The 
strength of magnesite brick increases only when the iron 
oxide particles are infolded by the MgO particles and do 
not touch each other. Otherwise the iron oxide particles 
sinter together and lower the strength of the product. X- 
rays showed that the brick fired in reducing atmosphere 
are composed of free MgO, free FeO, and a solid solution. 
The parameter of the solid solution depends on concentra- 
tion. To produce magnesite brick of higher strength, 
firing first in an oxidizing atmosphere and then in a re- 
ducing atmosphere is recommended. It is important be- 
cause the transformation of the ferric form of the iron 
into the ferrous oxide will increase the thermal stability 
of the brick. M.V.C. 
Refractories for boilers. R.B.Purpy. Power, 79 [9) 
458-60 (1935).—Slags are of two general types as follows: 
(1) those that adhere to the wall, forming a coating of 
increasing thickness, and (2) those that flow over the wall, 
leaving only a thin coating. Slags of the first type damage 
the refractory only when they are removed during cleaning. 
The towing slag of the second type usually combines with 
the refractory and corrodes or erodes the wall. Refrac- 
tory materials used in boiler furnaces to meet the service 
conditions outlined are fire clay, kaolin, diaspore, kyanite, 
silicon carbide, and chromium. The chemical and physical 
properties of each of these refractory materials are briefly 
described. P. discusses the importance of the load-carrying 
ability and resistance to spalling of the various refractories 
and emphasizes the importance of a careful evaluation of 
all the factors involved in the selection of a refractory ma- 
terial for a specific installation. F.G.H. 
Refractories with a high grog content from Latnynkii 
clays. V. A. Rypnirxov. Keram. & Steklo, 13 [4] 26- 
28 (1937).—Experiments showed that (1) refractories 
with a high grog content but without “foreign’’ admix- 
tures have a great thermal resistance, low porosity, high 
mechanical strength, and high temperature of softening; 
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(2) the addition of apatite concentrate greatly lowers the 
thermal resistance, increases mechanical strength, and 
lowers refractoriness and temperature of softening under 
load; (3) this low thermal resistance of grog brick con- 
taining apatite is greatly increased by adding 3 to 9% 
powdered silicorf carbide; (4) such refractories have an 
exceptional thermal resistance, low porosity, and high 
mechanical strength and refractoriness under load. 
M.V.C. 
Refractory developments. R. B. Purpy. Power, 79 
[9] 460-61 (1935).—P. describes improvements in grinding, 
screening, mixing, pressing, drying, and firing. F.G.H. 
Requirements placed by metallurgy on chromite used as 
a refractory material. J. I. Do.rrzxil. Sovet. Met., No. 
10, pp. 12-15 (1936).—The refractoriness of chromite in- 
creases with the Cr,O; content. The melting” point of 
FeO-Cr,O; is 2180°, of natural chromite used for clay work 
1900° to 2050°C, and of chromite brick 1700° to 1950°C. 
In metallurgy these brick are principally used to cover 
the working room of the open-hearth furnaces and of the 
basic converter and for hearthstones of heating furnaces. 
The chromite brick resist corrosion, but they are subjected 
to mechanical erosion. The natural chromite used to 
cover the open-hearth furnaces should be of an amorphous 
texture and sufficiently massive. The minimum weight 
of the lump of natural chromite should be 15 kg. For 
blocking up of outlets of the furnaces it is necessary to use 
pure, powdery massive chromite. The content of Cr,O; 
in the chromite is also of great importance and should be 
38 to40% or more. Chromite is unaffected by slags of any 
composition. D. describes various types of chromite and 
chromite-magnesite brick such as Chromodur, Radex E, 
Chromite I and II, Fournal, Rubinit, and Siemensite. 
Siemensite has a melting point over 2000°C, is unaffected 
by any slag, and is economical. The production of 
chromite-magnesite brick with a high content of Al,O, is 
recommended. B.E.K. 
Saggers and their life. R.Maxni. Keram. & Steklo, 
13 [4] 32-35 (1937).—Because of a large shortage of 
saggers for porcelain ware in Russia, general directions 
for the manufacture of saggers are given. Composition 
and characteristics are given in a table. M.V.C. 
Savings with insulating refractories. J. G. Couranr. 
Chem. & Met. Eng., 44 |3) 137 (1937).—Insuline, made by 
expanding fire clay, is used in producing refractory con- 
crete and insulating refractories. Insulating refractories 
weigh from 30 to 37 Ib./cu. ft. Through proper insula- 
tion, fuel savings have been marked, especially in inter- 
mittent furnaces; the furnaces are more responsive to 
temperature control, heat up rapidly from a cold start, 
store a relatively small amount of heat in the walls, and 
cool down rapidly when the fire is shut off. See ‘&co- 
nomic—,’’ Ceram. Abs., 16 [1] 21 (1937). M.CS. 
Service of plug tubes. D. Summnov. Sovet. Met., No. 
9, pp. 56-59 (1936).—The strongest tubes have the follow- 
ing composition: fire clay 40% fired at 1300°C, clay 60%, 
moisture of the mass at pressing 20%, and moisture of 
tubes on loading in the furnace 3%. B.E.K. 
Silica brick of improved characteristics (refractoriness 
and softening under load) for electric furnaces. I. S. 
Sme._yaNnskil. Ukrain. Nauch.-Issledovatel. Inst. Ogneu- 
porov & Kislotouporov, No. 41, 62 pp. (1937); abstracted 
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in Referat. Silikatliteratur, 4 [4] 3980 (1937); see “Elec- 
trodinas,’’ Ceram. Abs., 16 [4] 119 (1937). M.V.C. 
Silica brick from the Ovruch yuartzites. G. B. TauBIn. 
Ukrain. Nauch.-Issledovatel. Inst. Ogneuporov & Kislotou- 
porov, No. 40, 64 pp. (1937); abstracted in Referat. Silikat- 
literatur, 4 [4] 3972 (1937).—-Sample brick prepared from 
these quartzites were fired for 60 hr. up to 1460°C. Their 
characteristics were as follows: (1) water absorption 5 
to 6.7%; (2) porosity from 17 to 24%; (3) resistance to 
pressure when cold, from 206 to 600 kg./sq. cm.; (4) re- 
fractoriness 1710 to 1750°C; and (5) softening tempera- 
ture 1650 to 1695°C. Conclusions are that Ovruch 
quartzites are excellent raw material for silica brick and 
that silica brick manufactured from them answer all 
specifications for open-hearth steel furnaces. M.V.C. 
Small refractory crucibles for laboratory work. M. 
Ripprnovucn. Iron & Steel Ind., 10 [5] 241 (1937).—For 
small crucibles of highly refractory nature, R. finds that a 
satisfactory material is fused crushed Alundum used for 
abrasive wheels. It contains sufficient flux to melt at ap- 
proximately 1600°C which bonds it thoroughly. Crucibles 
made of such 90-mesh Alundum are satisfactory for melting 
steel but are porous and readily absorb slag. Porosity is 
reduced one half by using 45% ‘“‘flour” grade. R. gives 
the formula for determining porosity and illustrates and 
describes molds of his own design. Molds are lined with 
thin paper to prevent the refractory from sticking to the 
walls E.H.McC. 
Suspended walls and arches. R.B. Purpy. Power, 
79 [9] 465-67 (1935).—Suspended refractory walls offer 
several advantages over solid refractory walls. Although 
first cost is higher, repairs are lower because less refractory 
has to be replaced and the work can be done more easily 
and quickly. The refractory carries less load; hence, it 
can operate at higher temperatures, and more positive 
means for expansion are provided. Suspended walls are 
designed so that they may be used either as air-cooled walls, 
insulated walls without air cooling, or as insulated refrac- 
tory walls behind bare-tube water walls. P. discusses and 
illustrates several features of suspended-wall construction 
which must be investigated when such walls are con- 
sidered. These features apply also to suspended arches 
such as those used for chain-grate stokers. They may be 
classified under the two following headings: (1) features 
affecting installation and repair, and (2) features affecting 
wall performance. F.G.H. 
Used refractories. C. C. Hermann. Power, 79 [10] 
533 (1935).—H. describes the use of crushed refractories 
in combination with high-temperature cement to yield a 
refractory patching material. F.G.H. 
Water-cooled walls. R. B. Purpy. Power, 79 [9] 
468-69 (1935).—P. describes and illustrates typical ex- 
amples of wall and slag-tap furnace bottom construction 
used with water cooling. F.G.H. 
X-ray method for quantitative determination of crystals 
in refractory materials. B. Ya. Pines. Ukrain. Nauch.- 
Issledovatel. Ogneuporov & Kislotouporov, No. 37, pp. 59- 
79 (1936).—The sample in which the crystalline compound 
is to be determined is crushed and mixed with definite 
amounts of comparison material, and X-ray pictures of the 
mixtures are taken. Common salt was found to be good 
comparison material. Details of procedure are given. 
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The mullite content of various technical mullites and 
sillimanites was determined in this way. For comparison 
purposes the mullite content was also determined analyti- 
cally by disintegrating with hydrofluoric acid. X-ray 
determination always shows a somewhat higher mullite 
content than the chemical analysis as HF dissolves part of 
the mullite. Analysis of pure mullite showed that solid 
solutions of mullite type are present in the silica-alumina 
system, and their chemical composition varies. The con- 
tent of chromite, periclase, or silicon carbide can be de- 
termined in refractories according to this method. The 
error in X-ray determination does not exceed 6%. 
M.V.C. 
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Refractory materials for checker brick for regenerative 
glass furnaces. O. Bartscu AND J. Lamort. Fachaus- 
schussber. (Deut. Glastech. Ges.), No. 34, 14 pp. (1935); 
abstracted in Referat. Silikatliteratur, 4 [4] 3843 (1937).— 
The following refractories are used: (1) Acid brick: lime- 
bonded quartzite brick (silica and dinas brick) containing 
95 to 97% SiO, and clay-bonded quartzite brick (clay 
quartz and clay dinas) with 90 to 95% SiO... (2) Semiacid 
brick: clay brick, quartz-grog brick (13 to 25% SiOz). (3) 
Grog brick poor in Al,O; (20 to 27%), with average content 
of Al,O,; (28 to 35%), and rich in Al,O; (36 to 44%). (4) 
Special refractories: bauxite, sillimanite, mullite, corun- 
dum, magnesite, chromite, zirconium, and silicon carbide 
brick. Grog brick are mostly used with an Al,O; content 
from 18 to 45%. Silica brick are rapidly destroyed by flue 
dust and evaporating glass constituents through the forma- 
tion of a glaze. Semiacid brick and grog brick do not al- 
ways resist operating conditions. The resistance to tem- 
rerature variations of chamber brick does not need to be 
high. Slate clay brick with over 40% Al,O; are the most re- 
sistant. Brick with increasing Al,O; tend to form a fur-like 
formation because of flue dust which clogs the flues. In 
each case the use of a particular brick should be determined 
experimentally. Gas-chamber brick should contain the 
least possible amount of ivon compounds which can be re- 
duced in order to keep the carbon deposition as low as 
possible. Severely fired brick are generally preferred. 
See Ceram. Abs., 12 [12] 424 (1933). M.V.C. 
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Basic refractory. C. E. WiiiaMs AND J. D. SULLIVAN 
(Battelle Memorial Institute). Can. 366,300, May 25, 
1937 (Jan. 30, 1936). Comprising the solidified product 
of a molten mass comprising magnesium oxide and at least 
one other basic material which has a lower melting point 
than magnesium oxide. G.M.H. 

Cast refractory manufacture. R. C. Benner (Car- 
borundum Co.). Can. 365,450, April 20, 1937 (March 27, 
1935). See Ceram. Abs., 16 [2] 65 (1937). G.M.H. 

Ceramic composition. J. B. SrAtwane. U. S. 2,086,- 
828, July 13, 1937 (March 18, 1936). A bonding agent 
for refractories consists of a mixture of substances con- 
taining a high percentage of aluminium oxide (Al,O;) with 
arsenic compounds having the quality of forming arsenate 
of aluminium by slight heating. 

Chrome-magnesia refractory and method. R. P. 
Hever (General Refractories Co.). U. S. 2,087,107, 
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July 13, 1937 (June 29, 1936). In the manufacture of 
refractory brick suitable for use without previous kiln 
firing, the process comprises mixing from 65 to 75 parts of 
larger particles consisting chiefly of chrome ore and large 
enough to be retained on a 20-mesh per linear inch screen 
with from 35 to 25 parts of smaller particles consisting 
chiefly of magnesia and small enough to pass through a 
50-mesh per linear inch screen, and with a bonding sub- 
stance, molding the mixture into brick under pressure ex- 
ceeding 1000 Ib./sq. in., and treating the brick without 
kiln firing to develop the bond. 

Chromite refractory. G. E. Sem (E. J. Lavino & Co.). 
Can. 366,039, May 11, 1937 (Sept. 21, 1936). See ‘‘Proc- 
ess—,”” Ceram. Abs., 16 [2] 65 (1937). G.M.H. 

Furnace wall. M.H. Kunner ann G. A. Reum (Riley 
Stoker Corp.). U. S. 2,086,940, July 13, 1937 (Nov. 4, 
1935). 

Muffie plate. Ropert Kirkpatrick (Norton Co.). 
U. S. 2,086,504, July 6, 1937 (March 5, 1936). 
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from alkaline-earth aluminates. Lonza ELexreszrrArs- 
WERKE UND CHEMISCHE FABRIKEN AKkrt.-Ges._ Brit. 
466,919, June 23, 1937 (Jan. 11, 1936). 

Refractory. C. L. Norton, Jr. (Babcock & Wilcox 
Co.). Can. 366,794, June 15, 1937 (April 7, 1936). A 
method of inducing the formation of mullite crystals in a 
fired silica-alumina article at low temperatures consists of 
mixing with the base material a soda-lime glass of sub- 
stantially silica, 70 parts by weight, soda, 15 parts, and 
lime, 15 parts, and heating the whole until the formation 
of mullite and glass has progressed sufficiently to give the 
article requisite strength. G.M.H. 

Refractory ceramic bodies containing titanium dioxide. 
STeaTite & PorcELAIN Propucts, Ltp., J. A. Suc- 
DEN. Brit. 467,113, June 23, 1937 (Dec. 10, 1935). 

Refractory cooling method. G. J. Easter (Carborun- 
dum Co.). Can. 364,422, March 2, 1937 (March 20, 
1935). A method of forming refractory castings com- 
posed essentially of at least two parts of corundum to one 


Production of alumina practically free from silicic acid part of mullite in a glassy matrix. G.M.H. 
Terra Cotta 
Architect looks at clay. THeopore IRvinc Cor. Bull. Stoneware is completely resistant to all acids with the 


Amer. Ceram. Soc., 16 [7] 277-79 (1937). 

Differences between crockery and fireclay ware. M. 
Reitz. Keram. Rundschau, 44 (49) 583-84 (1936).—The 
differences of raw materials and manufacture are dealt 
with. R. advocates the following slip: 25 plastic clay, 
20 plastic kaolin, 10 feldspar, 45 fired fire clay (1 to 3 mm. 
each one third). Per 100 kg. dry weight he recommends 
29 kg. water, 65 g. NaxCO;, 48 g. NaOH, and 28 g. tannin. 
This slip, with such a small amount of water and electro- 


lytes, holds fired clay perfectly in suspension. The granu- 
lometry of body and engobe is given. Fireclay ware is nor- 
mally fired in one heating only. F.E.V. 


Pumps for acids. Anon. Tech. Biditer, No. 6, pp. 
76-77 (1937); abstracted in Tomind.-Zig., 61 [14] 174 
(1937).—Various types of pumps for handling acids are 
described. The use of acid-stable stoneware instead of 
acid-stable metals and alloys is recommended. Resistance 


exception of hydrofluoric acid; it is also resistant to tem- 
perature variations. M.V.C 
Salt glaze. Anon. China, Glass & Lamps, 56 [8] 39 
(1937).—Germany should receive credit for introducing 
salt glaze. It was used there on stoneware during the 
16th Century. The method of discovery is not known. 
Salt glazing reached its highest perfection in Staffordshire, 
Eng. It was believed to have been introduced by the 
Elers brothers who came to Staffordshire from Saxony, 
established a pottery, and did much to improve English 
pottery. G.M.P 
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Roofing tile. E. SwincLer. 
1937 (April 23, 1936). 

Soil and masonry impermeabilizing process. JAN VAN 
anp G. H. vAN LeeuWEN (Patent and Licensing 


Brit. 467,622, June 30, 


to pressure of stoneware exceeds even that of cast iron and Corp.). Can. 366,465, June 1, 1937 (Jume 5, 1935). 
its tensile strength has lately been greatly increased. G.M.H. 
Whiteware 


Application of porcelain and other ceramic insulating 
materials in electrical engineering. W. Stecer. Elek- 
trotech. Z., 57 [17] 471-76 (1936).—S. gives a comprehen- 
sive, illustrated survey of the use of ceramic materials as 
insulators. The following groups of materials are dis- 
cussed: porcelains, talc-base materials, and rutile-con- 
taining compounds. Thermal, mechanical, and electrical 
properties and individual applications are discussed. 

F.P.P. 

Attempts to determine the tensile strength of steatite 
rods. K.ScHANDINN. Stemag-Nachr., No. 15, pp. 3-18 
(1937); abstracted in Referat. Silikatliteratur, 4 [4] 3982 
(1937).—Tests showed that steatite insulators do not 
show any signs of aging and fatigue as does steel. Results 
are tabulated. M.V.C. 

Casting slip difficulties. E. Wertic. Translated in 


Ceram. Ind., 27 [3] 187 (1936); see Ceram. Abs., 15 [10] 
306 (1936). E.J.V. 
Faience factories established near the city of Rouen. 
Botuioup. Céram., Verrerie, Email., 4 [4] 165-68; [5] 
207-13 (1936).—The faience ware of Rouen is esteemed 
for its perfect workmanship, beauty of color, and tasteful 
design. B. discusses (1) the choice of clays in the manu- 
facture of faience at Rouen and their preparation; (2) the 
composition of the enamel and the manner of its applica- 
tion; (3) colors; and (4) firing. M.V.C. 
Fluorspar, its possibilities in the ceramic industry. C. 
W. ParMevcese. Ceram. Ind., 27 [3] 196-200 (1936).— 
Tests on sanitary ware and semivitreous bodies showed 
that small additions of fluorspar had a beneficial effect be- 
cause the mechanical strength was increased, the thermal 
expansions were somewhat lowered, translucency was in- 
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creased, and vitrification could be accomplished at a lower 
temperature. Only in thermal shock tests were the fluor- 
spar-containing bodies inferior. E.J.V. 
Lead frits and fritted glazes. J. H. Koenic. Ceram. 
Ind., 27 [2] 108-12 (1936).—Lead frits as now supplied for 
glaze formulation are poorly resistant to dilute acid attack. 
Alumina strongly decreases acid solubility of lead while 
alkalis and boric oxide increase it. Effects of the various 
oxides on solubility are presented. See Ceram. Abs., 15 
[10] 306 (1936). E.J.V. 
Magnesite putty for porcelain insulators. M. A. 
TRAKHTENBERG. Novosti Tekhniki (Mashinostroenie), No. 
54, pp. 14-16 (1935).—The batch of this putty contains 
magnesium oxide, a water solution of magnesium chloride, 
asbestos, wood sawdust, silicon carbide, sand, etc. In 
order to decrease the high coefficient of linear expansion of 
the putty, it is necessary to add porcelain meal. The pro- 
duction process of the insulators and the results of their 
mechanical tests are described. The following composi- 
tion of putty guarantees the highest quality of these insu- 
lators: 28% magnesium oxide; 44% water solution of 
magnesium chloride (28°Bé), and 28% porcelain meal, 
screened through 900 mesh/cm.* The casting of insula- 
tors must take place 2 hr. after the mixing up of the batch. 
B.E.K. 
Pottery manufacture. A. S. W. Ope.perc. Trans. 
Ceram. Soc., 36 (2) 56-62 (1937).—O. discusses some of the 
technical aspects of pottery manufacture in Sweden and 
stresses the importance of maintaining technical, artistic, 
and economic departments of equal strength. 
R.H.H.P., Jr. 
Production of electrical porcelain. R. Rieke. Elek- 
trotech. Z., $7 [17] 469-70 (1936).—R. gives a general de- 
scription of manufacturing operations together with a de- 
tailed flow sheet. Sorting and testing methods are de- 
scribed. F.P.P. 
Spontaneous rupture of aged pottery. J. W. MELLOR. 
Trans. Ceram. Soc., 36 [1] 10-12 (1937).—The spontaneous 
rupture of an 8 yr. old bone china plaque and an 18th Cen- 
tury Imari dish are given as examples of radial cracking in 
circular slabs. During the aging of ware, delayed thermal 
contraction will induce internal concentric strain lines; 
the slow intensification of these strains may ultimately 
make them too great for the body to bear and rupture en- 
sues. R.H.H.P., Jr. 
Substitution of domestic for imported clays in white- 
ware bodies. Wim11Aam W. MEYER AND THERON A. 
KLINEFELTER. Jour. Research Nat. Bur. Standards, 19 
[1] 65-79 (1937); R.P. 1011. Price 5¢—Domestic kao- 
lins and ball clays were substituted for imported clays in 
whiteware bodies of the more important types. The 
substitutions were based on compositions, in terms of RO, 
RO», and R:,Os, of the bodies and raw materials and on 
physical properties of ‘the raw materials and those re- 
quired of the bodies. Laboratory tests of dried and heat- 
treated specimens indicated that the properties of imported 
clay bodies could be duplicated by domestic clay bodies, 
and factory tests showed that in most cases this would in- 
volve only minor changes in plant procedure. The vitri- 
fication temperatures of whiteware bodies were correlated 
with their RO contents. The plasticities and the strength 
of the dry specimens depended chiefly on the ball-clay con- 
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tents of the bodies. The RO and ball-clay contents can be 
varied widely with little effect on the physical properties 
of whiteware bodies heated to the same degree of vitrifica- 
tion. R.A.H. 
Summation of whiteware research investigation con- 
ducted at New York State College of Ceramics. RoBERT 
M. Campsett. Bull. Amer. Ceram. Soc., 16 [7] 294 
(1937). I, Production of a light yellow-green body stain 
for a cone 10'/, vitreous body. Ropsert E. Coo.ey, Jr. 
Ibid., pp. 294-95. II, Effect of vitreous whiteware grog 
in a vitreous whiteware body. CuHaries E. Evans. Jbid., 
pp. 295-96. III, Substitution of cristobalite for quartz in 
a whiteware body. M. Bennett. Ibid., p. 296. 
IV, Production of a cone 4 single-fire wall-tile body high 
in pyrophyllite. Lee M. Hepces. Jbid., pp. 296-98. 
Test for differentiating ceramic products of faience and 
porcelain by the use of the differential dilatometer of M. 
P. Chevenard. Marc Larcuevitgur. Céram., Verrerie, 
Email., 4 [3] 95-98; [4] 141-46 (1936).—To compare and 
distinguish between fine ceramic products with a body of 
vitrified paste and those with a porous paste body, the 
differential dilatometer method with mechanical recording 
is simpler, shorter, and more exact than other methods, 
such as the measurement of porosity or hardness. The 
precision of this method, contrary to other methods, per- 
mits the exact differentiation between very similar prod- 
ucts, such as fine, extra-hard, hard, and ordinary faience, 
or true and pseudo porcelain and hybrid products. The 
principle of the differential dilatometer consists in regis- 
tering mechanically or photographically the difference in 
expansion between a trial specimen of Pyros metal (stand- 
ard of temperature), formed by a special alloy with regular 
thermic and perfectly reversible properties, and a test 
piece in the form of a parallelepipedal rectangle of 65 mm. 
length and 5 x 5 mm. section cut in the product to be 
studied or shaped in the same way and with the same ma- 
terial as the latter. The differential dilatometer curve 
described on the photoplate by the lumimous point image or 
by the pen on the end of the needle of the mechanical re- 
corder, when the two specimens expand, represents (1) 
the ordinates (the difference of expansion between the 
trial piece of standard metal (Pyros) and the specimen of 
the product to be tested); amd (2) the abscissas (the 
expansion of the standard in relation to fused silica, i.e., 
the temperature). To obtain from the original curves 
given by the apparatus the curves permitting reading of the 
expansion value directly at each temperature, it is necessary 
either to add or subtract the recorded expansions from the 
expansion of the Pyros, according to whether the curve 
inscribed is above or below the longitudinal axis passing 
by the origin. It was evident from both practice and theory 
that the expansion curves, from 0.to 1000°, of products 
with a vitrified body should be different from porous 
products which are less resistant, permeable, opaque, and 
have lower density. The principal point of comparison, 
besides the importance of their expansion from 900 to 
1000°C, is the inflexion which the curves of products with 
a porous body occasionally present between 550 and 600°, 
while products with a semivitrified or completely vitrified 
body have practically no inflexion. Graphs of curves for 
different fine ceramic products are given and analyzed. 
M.V.C. 


j 
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Tests for ceramic products. PrerRE RENAULT. Céram., 
Verrerie, Email., 4 [7] 269-77 (1936).—R. describes 
physical tests on the apparent density, cohesion and tenac- 
ity, rupture by flexion and shock, reflecting power, and 
structure and presents in tables data on the properties of 
French and other makes of fine ceramic ware. Quick 
chemical tests for the rapid differentiation or classification 
of several fine ceramic products are given. M.V.C. 


BOOK 


Liverpool and Her Potters. H. Bosweit LANCASTER. 
Jones & Co., Ltd., Liverpool. Price 5s. L. gives a de- 
scription of many potteries which at various times operated 


Whiteware—Equipment and Apparatus 


281 


in Liverpool, including an alphabetical list of their names, 
addresses, chief productions, and some details of their 
methods of trading, patterns, etc. Several gaps in the 
existing literature are filled by this book. A.B.S. 


PATENTS 


High-voltage insulator. B. A. Piimpron (Locke In- 
sulator Corp.). U. S. 2,084,866, June 22, 1937 (July 3, 
1935). 

Means for supporting and placing pottery, etc., during 
firing processes. W.E. Mappockx. Brit. 467,373, June 
30, 19387 (June 18, 1936). 
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Accurate orientation of thin sections. Ear. INGERSON. 
Amer. Mineralogist, 22 [6] 760-72 (1937).—With the ad- 
vent of petrofabric analysis has come the necessity for ac- 
curate measurement and recording of orientations of thin 
sections with respect to geographic directions, structures 
in rocks, or both. I. describes and illustrates his appara- 
tus, devised for the purpose of orienting hand specimens 
accurately in the laboratory, measuring the orientations of 
the joints, s-planes, and lineations, and marking planes of 
thin sections. F.J.Z. 

Application of heat-resisting alloys to the pottery indus- 
try. Anon. Nickel Bull., 10 [4] 77-80 (1937).—Al- 
though no alloys commercially available will withstand the 
temperatures of the highest pottery kilns (1300°C), some 
nickel alloys have been developed which are serviceable 
in the glost and enamel kilns. [Illustrations are given of a 
truck for a tunnel kiln with nickel-alloy bats, a circular 
decorating kiln showing alloy superstructure, and a dia- 
gram of clay stilts incorporating alloy supporting and 
reinforcing rods. Sand seal plates, flue dampers, kiln 
doors, fire bars, etc., are likely cases for the correct alloy. 

H.HS. 

Automatic temperature controller for coal-fired instal- 
lations. Foster INstrumMENtT Co. Metal Ind. [London], 
48 [7] 220-21 (1936)—An automatic temperature con- 
troller designed to be used with coal stokers is described 
and illustrated. H.E.S. 

Ball mills for wet grinding; their correct and incorrect 
application. O. Promnirz. Farben-Zig., 41 [6] 136-37 
(1936).—Ball mills for the finest wet grinding. Jbid., 
41 [31] 770-71—A practical discussion of ball-mill 
operation, particularly for the pulverizing of lacquer 
colors, is given. Size of the balls is important as too small 
a milling surface with excessively long milling time results 
from using small balls. Other factors to be considered for 
correct milling include the amount of free space in the 
mill (methods for the calculation of which are given), the 
shape of the ball mill, and the consistency of the milled 
material. F.P.P. 

Calibration of partial radiation pyrometers. H. JEBSEN- 
MARWEDEL. Glastech. Ber., 13, 416-20 (1935); reprinted 
in Arch. Warmewirt., 17 [7] 189-90 (1936). F.P.P. 

Calibration of testing machines under dynamic loading. 
Bruce WILSON AND Cart Jomnson. Jour. Research Nat. 
Bur. Standards, 19 [1] 41-57 (1937); R.P. 1009. Price 


10¢.—The errors of the indicated loads of testing machines 
used to determine the mechanical properties of engineering 
materials are usually determined for static loads. Testing 
machines are often used to load specimens continuously 
to failure at a given rate of loading. The additional errors, 
due to rate of loading, of six testing machines comprising 
four types widely used in this country were determined by 
means of a special elastic calibrating device for rates of 
loading up to 50,000 Ib./min. The additional errors in the 
indicated loads of these machines, due to rate of loading, 
at rates currently used in testing, exceeded in several cases 
the tolerances specified for such testing machines. 
R.A.H. 

Clay refining by flotation methods. M.C.SuHaw. Bull. 
Amer. Ceram. Soc., 16 [7] 291-94 (1937). 

Colloidal graphite and its réle in the ceramic industry 


RAYMOND SZYMANOWITZ AND BERNARD H. Porter. Bull. 
Amer. Ceram. Soc., 16 [7] 282-88 (1937). 
De-airing clay bodies for flowerpots. ANon. Ceram. 


Ind., 26 [6] 419 (1936).—The Cleveland Pottery, manu- 
facturer of flowerpots, has found since installing a Fate- 
Root-Heath de-airing machine that its kiln losses have 
been reduced and the green ware is tougher, though the 
workability of the clay has been decreased slightly. 
Changes in the driers to reduce drying losses are described, 
as is the firing procedure used. The vacuum used aver- 
ages 27 in. Results are better with a higher vacuum, and 
below 25 inches the results are practically the same as with 
an unevacuated clay. E.J.V. 
Drying and driers. Kari Erscxnorr. Arch. Wéarme- 
wirt., 17 [6] 153-58 (1936).—E. reviews the mechanism 
of drying, the use of Miiller-Héhn and Mollier diagrams, 
drying equipment, and several typical examples of moisture 
removal problems. F.P.P. 
Drying granular solids. Norman H. CEAGLSKE AND 
O. A. Hovcen. Ind. Eng. Chem., 29 [7] 805-13 (1937).— 
The drying rate of a granular substance is determined not 
by diffusion but by capillary forces. The investigation 
should be extended to include the effect of position, of 
vertical and horizontal surfaces, and of substances of high 
capillarity where equilibrium moisture content is appre- 
ciable. Illustrated. F.G.H. 
Drying properties of clays: I, Effect of small imposed 
loads on the rate of drying of some clays. II, Effect of 
small imposed loads on shrinkage behavior and plastic 
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properties of some clays. III, Influence of pallets on the 
quality of clay products. H. G. Scuurecut anp C. 
Major LampmMan. Jour. Amer. Ceram. Soc., 20 [8] 266- 


81 (1937). 
Fast and thorough method for impregnating porous 
rocks. R. Von Hvene. Econ. Geol., 32 [3] 387-88 


(1937).—In the method described, the rock is first ground 
to the dimensions of the slide and the surface which is to 
be next the glass is finished as well as the texture of the 
rock will allow. It is then dried at 120°C on a hot plate. 
When thoroughly dry it is dipped in a xylene solution of 
balsam (about 5% balsam). This thin solution readily 
enters the pores. Heating again on the hot plate quickly 
evaporates the xylene, leaving a thin coating of balsam 
along the walls of the pores. As soon as the balsam on top 
of the section reaches the snapping point, the dipping is 
repeated. Alternate dipping and heating is continued 
until the balsam forms a solid cover on top of the rock. 
Since the balsam layer around the pore walls is built up 
gradually, it fills the pores completely and is of the same 
hardness throughout the rock. After impregnation, the 
surface which was ground flat is prepared carefully for 
mounting. Soft wall tile can be impregnated evenly to a 
thickness of '/, in. in about 20 min. J.L.G. 
High-temperature measurement with a new optical 
pyrometer. K.GuTHMann. Arch. Warmewirt., 18 [2] 
52 (1937).-—G. describes the construction of a new optical 
pyrometer, claimed to avoid the customary errors due to 
assumption of black body radiation from the hot material 
and giving directly the true temperature with brightness 
correction, and cites examples of its application. 
F.P.P. 
Improvements in tungsten-wound furnaces for high 
temperatures. H. Crecrorra AND W. Dawini. Keram. 
Rundschau, 44 |15) 171-72 (1936).—Furnaces with inner 
and outer tungsten spools are described. In the case of 
furnaces with inner resistors, it is possible to concentrate 
the spirals at both ends and increase substantially the zone 
of constant temperature. The substitution of rammed 
refractory clay for a fired body accelerates the construction 
of furnaces. The use of alumina tubes with external tung- 
sten resistors allows heating in oxidizing conditions up to 
1800°C. The employment of zirconium or beryllium 
oxide tubes would permit a somewhat higher efficient 
temperature. Illustrated. F.E.V. 
Influence of the solid on the flow properties of dilute 
suspensions. R.N. TRaxLerR. Chem. & Met. Eng., 44 
[4] 200 (1937).—In studies involving the viscosity or flow 
properties of dilute suspensions it is sometimes necessary 
to determine the size, shape, and size distribution of the 
particles in suspension, since these factors influence the 
void size of the system and since the viscosity of a liquid- 
solid system appears to be inversely proportional to the 
average void size. It is pointed out that the average void 
size can be calculated from the permeability of the com- 
pacted, unconsolidated powder under consideration and 
that an empirical relationship exists between the per cent 
of voids and the average void size. See ‘‘Viscosities—,”’ 
Ceram. Abs., 16 |7] 224 (1937). M.C.S. 
Instrument for the exact measurement of large elon- 
gations. J. Prrki aNnp T. Povscne. Mitt. Tech. Ver- 
suchsamtes, 25, 4-11 (1936).—The defects of usual methods 
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and instruments in measuring large elongations are pointed 

out, and a new indicating device, with rollers instead of 

knife bearings, is described which permits measurement of 

elongations up to 4 mm. with an accuracy of 0.001 mm. 
M.H. 

Measurement of particle-size distribution by optical 

methods. Effect of light of different wave-lengths. H. 


E. Scuwever. Ind. Eng. Chem., Anal. Ed., 9 [5] 211- 
12 (1937).—IIlustrated. F.G.H. 
Mechanism of flotation. Adsorption on the particles of 


an aqueous suspension of talc, and its flotation. Z. W. 
N. N. Sers-SERBINA, AND A. W. SAPOROSHEZ. 
Kolloid-Z., 71 [2] 230-34 (1935).—The adsorption of iso- 
valeric acid on talc particles suspended in water is studied; 
transformation of the crystal lattice of talc occurs, Mg 
ions going into the solution and being replaced by H ions. 
Optimum flotation conditions obtain when the concentra- 
tion of isovaleric acid is 0.56%. The observed coagulation 
is ascribed to peptization of the particles of the hydro- 
phobic powder by excessive concentration of the reagent. 
F.P.P. 
Method of measuring higher resistances. H. GONNIN- 
GEN. Elektrotech. Z., 58 [12] 316-18 (1937).—An elec- 
trostatic method is described that permits measurement 
of resistances as great as 10'* ohms using voltages be- 
tween 100 and 200 v. Its application to small condensers 
and insulating fats and oils is illustrated. F.P.P. 
Operating experience with vacuum presses. WHIEDE- 
MANN. Tonind.-Zig., 61 [22] 257-58 (1937).—W. dis- 
cusses the use of a vacuum press in the manufacture of 
hollow brick. The defects of construction of the press and 
measures taken to eliminate them are dealt with. 
M.V.C. 
Plant experience with vacuum presses. TRETTNER. 
Tonind.-Zig., 61 [20] 235-36 (1937).—T. describes results 
obtained when using a vacuum press in the manufacture 
of roof tile, face brick, and hollow ware. M.V.C. 
Portable induction furnace. INDUSTRIE ELBCTROOFEN 
G.m.p.H. Metal Ind. [London], 49 [15] 359-60 (1936).— 
An induction furnace of the portable type operates in con- 
junction with a water-cooled chill mold. Neither crucible 
nor heating elements are required, and the furnace lining, 
which is in direct contact with molten metal, is claimed to 
have a minimum life of at least 3000 heats. For melting 
aluminum, the current consumption is 360 kw.-hr./ton, 
but one of the greatest advantages is the low melting loss, 


0.8%. Illustrated. H.E.S. 
Pulverizing processes. A. H. M. ANDREASEN, B. 
WESENBERG, AND E. Grue JESPERSEN. Kolloid-Z., 78 


[2] 148-56 (1937).—Plate glass, feldspar, and a whiteware 
body wére crushed by pressure and by impact methods, 
and distribution of the particles according to size was ob- 
tained by screening and by settling. Pressure crushing 
was performed with a 5-ton hydraulic press and impact 
crushing with a mechanical hammer, both under carefully 
controlled conditions. Larger particles were counted and 
weighed, while the finest particles were suspended in ethy]l- 
ene glycol in A.’s preyiously described apparatus, and 
their sizes calculated from Stoke’s law. The results are 
tabulated and p’ ‘ted to show that (1) on a given material, 
size distribution was apparently unaffected by the method 
of crushing, (2) the smallest particles came from the center 


1937 


of the powdered material, and (3) increase in crushing pres- 
sure or impact force produced a finer powder. The theo- 
retical mechanism of comminution is discussed. F.P.P. 
Radiation allowances for heat transfer inside tubes. 
P. Kogsster. Arch. Warmewirt., 17 [1] 17-18 (1936).— 
K. gives useful diagrams for calculating the heat radiated 
from hot gases and flames within tubes. F.P.P. 
Reliability of common types of thermocouples. D. 
Quiccie, C. O. TonGBERG, AND M. R. Fenske. 
Eng. Chem., 29 [7] 827-30 (1937).—For the temperature 
range covered, for the size of wires, and for the condi- 
tions under which the tests were made, the results ob- 
tained yield the following indications: (1) Heat treat- 
ment of copper-copel, copper-constantan, and chromel- 
alumel thermocouples above about 200°C causes them to 
indicate temperatures which are different from those before 
heat treatment, the discrepancy being greater the higher 
the temperature of heat treatment; moreover, measure- 
ments of lower temperatures show less discrepancy than 
measurements of higher temperatures. (2) Heat treat- 
ment of copper-copel and copper-constantan thermo- 
couples at temperatures between about 200°C and 300° to 
350°C causes them to indicate a higher temperature than 
before such heat treatment; heat treatment above 300° to 
350°C causes them to indicate a lower temperature. It 
may be concluded that copper-copel and copper-constantan 
thermocouples possess * rather high degree of reliability 
if used in the temperature range 0° to 200°C. Illustrated. 
F.G.H. 
Testing for weatherproofness of materials by means of 
the so-called crystallization test. ANNEMARIE SCHMOLZER. 
Mitt. Tech. Versuchsamtes, 25, 14-20 (1936).—The best 
method to imitate the natural conditions in destruction of 
materials by effects of weather consists in immersing the 
material in a solution of Na,SO, in 10H,O and drying 
at different temperatures. The crystals growing from the 
solution retained in the interior of the material exert, by 
their change of volume, an effect similar to freezing water, 
and the destructive action can easily be followed. The 
application of the method is illustrated by the example 


of several rocks and minerals. M.H. 
Turustor control. Application to electroplating and 
glass annealing. ANon. Electrician, 118 [3076] 660 


(1937).—A photograph is shown of the equipment at- 
tached to a glass annealing furnace. The apparatus is a 
door opener which is worked by the operator standing on a 
foot bar. By this means the furnace door is opened and 
closed smoothly without the operator putting any hand 
thereon. It is evidently used for batch annealing. 
H.K.R. 
Two approved connections of X-ray universal apparatus 
for testing materials. F. Recrer. Mut. Tech. Ver- 
suchsamtes, 25, 20-31 (1936).—On the basis of theoretical 
discussion of the principles for the examination by X-rays 
of coarse structure and fine structure and for X-ray spec- 
troscopy, R. describes a stationary and a portable instal- 
lation of an X-ray apparatus which cen be used equally 
well for these purposes. Voltages up to 200 kv. are used. 
M.H. 
Washing clay out of molding sand. ANon. Iron Age, 
139 [12] 46 (1937).—A motor-driven machine for auto- 
matically washing molding sand is described and illus- 
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trated. Water carrying the clay flows over the top of 
wash bottles, with flow controlled to carry sand particles 
of only 20 microns or smaller. A constant temperature 
of 750°F is maintained. E.H.McC. 


BOOK AND CIRCULAR 


List of permissible mine equipment. L. C. I.siey. 
U. S. Bur. Mines Information Circ., No. 6942. 23 pp. 
Free. Permissible mine equipment approved by the 


Bureau to Jan. 1, 1937, is listed. R.A.H 
Press Work Pressures. C. W. Lucas. McGraw-Hill 
Book Co., New York. 128 pp. Price $4.00. Reviewed 


in Mech. Eng., 58 [2] 132 (1936).—This volume presents 
the results of over 1000 tests of the pressures necessary for 
various operations, It is intended to guide the engineer 
in estimating the size and type of press required for a given 
job. The information is classified according to the opera- 
tion, material, shape, ana size of product and is presented 
clearly and concisely. F.G.H 


PATENTS 


Clay conditioning method. S. C. Lyons (Bird Machine 
Co.). Can. 365,666, April 27, 1937 (April 15, 1935). 
G.M.H 
Clay suspension resolution. S.C. Lyons (Bird Machine 
Co.). Can. 365,667, April 27, 1937 (July 13, 1936) 
G.M.H 
Conditioning of freshly quarried clay. S. C. Lyons 
(Bird Machine Co.). U. S. 2,085,537, June 29, 1937 (Jan 
18, 1935). In the conditioning of freshly quarried clay to 
produce a purified and marketable product, the practice 
comprises suspending the clay in water to produce a readily 
flowable suspension, progressively streaming the suspension 
through a centrifuge to deposit progressively under cen- 
trifugal force on its wall oversized impurities, then progres- 
sively streaming the suspension through another centrifuge, 
whose wall is electrically charged to attract the fine solids 
content of the suspension, to deposit progressively on its 
wall under combined electrophoretic and centrifugal forces 
the fine solids content as a plastic mass while substantially 
constantly removing the plastic mass from the wall to 
maintain substantially constant the combined electro- 
phoretic and centrifugal forces acting to deposit the fine 
solids and thereby substantially constantly to maintain of 
substantially uniform average particle size the fine solids 
being deposited and removed as a plastic mass, and drying 
such removed plastic mass. 
Crusher. Epwarp KRAEMER 
1937 (March 25, 1936). G.M.H. 
Crushing and mixing machine. P. B. Bucky (Univer- 
sity Patents, Inc.). Can. 366,201, May 18, 1937 (Aug. 
20, 1935). G.M.H. 
Frit kiln. J. W. Emery. U. S. 2,085,254, June 29, 
1937 (Sept. 12, 1936). 
Furnace electrode clamp. W.H. Payne. Can. 364,- 
538, March 2, 1937 (Nov. 16, 1936). G.M.H. 
Grinding mill discharge. S. L. Mitter anp G. T 
Jounson (American Ball-Mill Co.). Can. 365,362, April 
13, 1937 (April 15, 1936; in U. S., Sept. 9, 1935). 
G.M.H. 
Grinding mill end liner. S. L. Mitier (American 
Ball-Mill Co.). Can. 365,841, May 4, 1937 (April 15, 
1936; in U. S., Sept. 9, 1935) G.M.H 


Can. 366,391, May 25, 
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Impregnation of articles by centrifugal means. W. A. 
Hype (Leon J. Barrett). U. S. 20,444, July 13, 1937 
(Dec. 9, 1935); reissue of original 1,981,453, Nov. 20, 
1934. 

Pulverulent material conveying apparatus. MIKAEL 
VoGEL-JORGENSEN (F. L. Smidth & Co.). Can. 366,339, 
May 25, 1987 (Dec. 16, 1935). G.M.H. 

Resolution of suspensions of finely divided solids into 
substantially uniform solids fractions of varying average 
particle size. S. C. Lyons (Bird Machine Co.). U. S. 
2,085,538, June 29, 1937 (July 10, 1936). A method of 
resolving an aqueous clay suspension containing sand, 
mica, and other relatively coarse impurities into separate 
substantially uniform solids fractions of different particle 
size comprises subjecting such suspension to repeated cen- 
trifugation under progressively intensified solids-deposit- 
ing conditions as suspension proceeds from one cen- 
trifugating stage to the next, maintaining the solids de- 
positing conditions, including the rate of flow of suspen- 
sion, substantially constant in each stage, progressively re- 
moving during centrifugation each of the solids fractions 
and separately removing liquid effluent from the sphere of 
action of each of the centrifugating stages so as to maintain 
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the effective centrifugating force in each stage substan- 
tially constant, subjecting liquid effluent from one cen- 
trifugating stage to the next, thereby effecting a removal 
from suspension of a substantially uniform solids fraction 
in each stage but of progressively increasing fineness as 
liquid effluent proceeds from one centrifugating stage to 
the next, and controlling the first centrifugation to remove 
from the suspension sand, mica, and other relatively 
coarse impurities. 

Rotery kiln. R. C. Newnouse (Allis-Chalmers Mfg. 


Co.). Can. 364,982, March 23, 1937 (July 17, 1936). 

MIKAEL VOGEL-JORGENSEN (F. L. Smidth & Co.). Can. 

366,529, June 1, 1937 (June 24, 1936). G.M.H. 
Sieve. Roy Nener (National Gypsum Co.). Can. 


365,537, April 20, 1937 (July 19, 1936). G.M.H. 
Tube mill device. A. P. Drescnser .Jiescher Tube 


Mills, Inc.). Can. 365,371, April 13, 1937 (Nov. 1, 1935). 
G.M.H. 

Vibrating screen. G. A. Overstrom. Can. 365,591, 
April 20, 1937 (Jan. 21, 1936). G.M.H. 


J. N. Gooprer (Ontario Research 
Can. 266,517 and 366,518, June 1, 1937 
G.M.H. 


Viscosimeter. 
Foundation). 
(Jan. 7, 1937; in U. S., May 25, 1936). 


Kilns, Furnaces, Fuels, and Combustion 


Application of electric heat in industry and crafts. H. 
Elektrowdirme, 7 [5] 91-100 (1987).—A 
comprehensive review is given of the modern application 
of electric heating in furnaces, etc. The widest use at 
present is made in the melting of ores and metals, heat- 
treating, hardening and joining of metals, drying and 
varnishing, and firing in ceramic processes. Melting of 
glass electrically is not yet generally applied. Construc- 
tive details of furnaces for the different purposes are de- 
scribed. M.H. 

Developments in combustion control equipment. M. 
H. Mawninney. Ind. Heating, 4 [1] 35-36; [2] 93-98; 
[3] 199-204; [4] 273-76, 282; [5] 370-74, 384; [6] 443- 
46 (1937).—A comprehensive review explains principles, 
methods and equipment for combustion with different 
fuels, and control of fuel consumption and of furnace 
atmospheres. M.H. 

Electrically heated tubular furnaces with heat recupera- 
tion. K. Mertens. Elektrowdrme, 6 (6) 184-87 (1936); 
abstracted in Electrician, 118 [3066] 324 (1937).—Interest- 
ing results have recently been obtained in a new type of 
electrically-heated conveyer tube kiln for firing mosaic 
floor tile. In the kiln, difference in temperature can be 
kept within narrow limits by the use of a series of tubes 
or heating chambers merely a few inches in height, ar- 
ranged one above another. By this method the charge 
presents a large surface to the heat per unit weight. The 
experimental kiln is 20°ft. long with a 5-ft. firing zone be- 
tween two equalizing zones 7 ft. 6 in. each in length. The 
ware is placed on refractory carrying plates which are 
pushed through the tube by mechanical means, the direc- 
tion of travel in the individual tubes being in opposite 
directions so that the heat of the outgoing material is 
transferred to the incoming charge. The working tem- 
perature of the central zone was 1270°C; at this tempera- 
ture it was possible to fire white tile satisfactorily which, 


in a solid-fuel kiln, would have necessitated a considerably 
higher temperature outside the saggers. The average tem- 
perature of the outgoing ware was 100°C, and it was found 
that, on account of the small height of the tile when loaded 
in this manner, the normal firing time of 10 hr. in a round 
or tunnel kiln could be reduced to a period which varied 
from 1 to3 hr. Although it was hardly thought probable 
that favorable consumption figures would be obtained in 
an experimental kiln, the results were considerably more 
interesting than had been expected. In normal working 
conditions, kilns with 30 to 60 tubes would be used, and 
with the reduction of exterior kiln surface to tube capacity 
it is estimated that the furnace losses per ton of material 
heated would be decreased 25 or 33'/:%; it is hoped 
eventualiy for normal working conditions to reach a con- 
sumption figure of 120 to 150 kw.-hr. per ton of tile fired. 
When the foregoing points are considered in conjunction 
with the advantages offered in reducing the total length of 
the firing process to about one tenth of that originally re- 
quired by solid-fuel kilns, a similar reduction in floor space 
occupied, and an absolute control of temperature and 
furnace conditions, upon which the success of the process 
mainly depends, it will be seen that this type of kiln pre- 
sents possibilities both for the ceramic industry and the 
electricity supply undertakings in whose area such works 
are situated. H.K.R. + M.H. 
Indian coals, with special reference to their coking 


properties. K. Bunre, H. BRUCKNER, AND J. SANJANA. 
Tisco Rev. [India], 4 [9] 726-29; [10] 800-803; [11] 
877-81; [12] 955-57 (1936). A.P.S. 


Manufacture of salt-glazed stoneware pipes and fittings. 
A. Coutnon. Translated in Brit. Clayworker, 46 [541] 
40-42; [542] 73-75 (1937).—C. discusses the distribution 
of kiln gases and the salting of the ware in a tunnel kiln. 
A general summary is given of the construction and main- 
tenance of kilns in general and some hints on the proper 
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setting of ware in a kiin. The changes taking place in the 
fuel during combustion in the kiln are described in detail. 
See Ceram. Abs., 16 [7] 216 (1937). R.A.H. 
Possibilities of gas fuel in the nonferrous metal indus- 
tries. J. E. Wurre. Metal Ind. {London}, 48 [5] 167- 
69 (1936).—The outstanding advantages of town's gas as 
an industrial fuel are (1) uniform quality, (2) lower main- 
tenance costs, (3) ease of measurement of fuel -which makes 
cost accounting more accurate and easier, (4) less capital 
outlay due to simplicity of equipment and design, and (5) 
high temperatures that do not require tall chimneys which 
are costly to build. The possible uses are melting and 
extrusion of nonferrous metals and rolling and annealing 
operations. H.E.S. 
Primer on combustion. ANon. Ceram. Ind., 26 |4| 
292-94; [5] 374-76 (1936).—The three methods of heat 
transfer, conduction, convection, and radiation, are dis- 
cussed, and methods used in various ceramic processes are 
Causes of heat losses, their reduction by proper in- 
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Problems in firing industrial kilns. E.isworrn P. 
Ocpen. Brit. Clayworker, 46 [541] 48-51 (1937).—O. 
discusses the firing of industrial kilns for firing paving brick, 
fireclay brick, and clay fireproofing shapes. R.A.H 

Transmission of heat through metal walls. R. E 
Licut. Power & Works Engr., 32, 108-12 (1937).—L 
gives a comprehensive review, with tables and charts for 


establishing correct heat transfer values. F.P.P. 
BOOK 
Keystone Coal Buyers Manual (1935). Edited by 


Sypney A. Hate. McGraw-Hill Book Co., Inc., New 
York. 458 pp. Price $10.00. Reviewed in Power, 79 
[10; 557 (1935). F.G.H. 


PATENTS 


Muffle flue. C. W. Saxe (Norton Co.). 
215, July 13, 1937 (March 10, 1936). 
Tunnel kiln. C.H. Parmeter (Onondaga Pottery Co.) 


U. S. 2,087,- 


given. 
sulation, and methods of recovering heat are cited. Can. 366,515, June 1, 1937 (April 23, 1936). Can. 366,- 
E.J.V. 516, June 1, 1937 (April 18, 1936). G.M.H. 
Geology 


Geol. Survey Gt. Brit., Summary 
of Progress, Part II, pp. 60-86 (1935). H. M. Stationery 
Office, London, 1937. Price 3s net. A brief description 
of the Ampthill clay and other Corallian clays near Cam- 
bridge, England, and a detailed report on the ammonites 
therein are given. The clay is used for brickmaking. 
A.B.S. 
Bentonites of the Dniester region. C. I. NAZAREVICH. 
Geol. Zhur., 3 [2] 215-23 (1936).—The results of pre- 
liminary study of sandy bentonite deposits found in the 
Dniester region are discussed. These bentonites are chiefly 
represented by montmorillonite. M.V.C. 
Beryl and ceramics. W. Luks. Foote-Prints, 
10, 1-11 (1937).—The general background of the mineral, 
beryl, is reviewed. Formulas for its introduction into 
glazes and porcelain bodies are quoted with corresponding 
values for maturing ranges, thermal expansion and 
conductivity, specific electrical resistance, and strength. 
A.P 
Chinaclay. Anon. Trade & Eng., 41 [880] xii (1937). 
—A brief description of the material and methods of pro- 
duction is given. For every ton of china clay produced in 
Cornwall, seven tons of overburden, rock, and sand must 
be tipped and 100 tons of water employed. The valuable 
aid given by chemical and physical tests in suggesting the 
suitability of the clay for various purposes is emphasized. 
Colloidal kaolin, prepared from china clay, is now used in 
numerous industries, especially in finishing delicate leath- 
ers, soap manufacture, paints, cosmetics, dentifrices, 
and many pharmaceutical products. The output from 
Cornwall is steadily increasing; in 1936 it was 750,000 
tons. A.BS. 
Cristobalite at Crater Lake, Oregon. Cari E. DuTTon. 
Amer. Mineralogist, 22 (6) 804-806 (1937).—Octahedral 
crystals of cristobalite, varying in size from microscopic 
dimensions to slightly greater than 1 mm., have been found 
in Crater Lake National Park. F.J.Z. 
Crystal structure of alunite and the jarosites. Srer- 


Ampthill clay. ANOoN. 


LInG B. Henpricks. Amer. Mineralogist, 22 [6| 773-84 
(1937).— X-ray diffraction data have been obtained from 
alunite, jarosite, natro-, argento-, ammonio- and plumbo- 
jarosites, karphosiderite, borgstrémite, hamlinite, and the 
compound 3Fe,0;4S0;9H:O. The crystal structure of 
the alunite-jarosite group of minerals is derived from these 
data, and an explanation is advanced for the various types 
of isomorphous replacements shown by the group. The 
structures are characterized by binding between hydroxy! 
groups and an oxygen atom of a sulfate group. F.J.Z 
Diatomaceous earth. KENNETH TomLINson. Dis- 
covery, 18, 85-86 (March, 1937).—The origin and uses of 
skeletal silica are described. Hitherto England has had to 
import from Germany or the U.S., but an extensive deposit 
found at Kentmere in the Lake District promises to fill the 
home demand. H.H.S 
Dilatometer method for determining the moisture 
equivalent of soils. G. J. Bouvyoucos. Soil Sci., 43 [5) 
385-89 (1937).—The dilatometer method possesses the 
following advantages: (a) it is comparatively free from 
the influence of external factors and is consequently less 
empirical, and the results are on a more nearly absolute 
basis; (6) it makes two important determinations at the 
same time (moisture equivalent and wilting point); (c) it 
is rapid and simple; and (d) the apparatus required is 
simple and inexpensive. G.R.S. 
Identification of certain gem-stone materials by their 
emission spectra. Davin H. Howeirt. Amer. Mineralo- 
gist, 22 [6] 796-802 (1937).—A technique is described 
whereby material sufficient for emission spectroscopy may 
be obtained without serious damage to valuable specimens. 
The method has been found satisfactory in distinguishing 
between the various species of garnet, spinel, jadeite, sil- 
limanite, andalusite, etc. The procedure is considered to 
be applicable generally in distinguishing between species 
which have similar optical and physical properties but 
different chemical compositions. F.JZ 
Kaolins of Allier and Niévre, France. V. CHARRIN. 
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Ceram., Verrerie, Email., 4 [5] 183-84 (1936).—Although 
the two richest kaolin deposits are in Haute-Vienne, there 
are other deposits in Niévre and Allier which are con- 
sidered secondary, not in quality but in extent. In 
Niévre the deposits fall into the class of interstratified 
deposits in sedimentary rock. The sand bed containing 
the kaolin is from 2 to 4 m. deep with a kaolin content of 
15 to 25%. The kaolin of Allier belongs to the other class 
of deposits in which the kaolin is in or near the matrix rock. 
Their chemical analysis is silica 49.76, alumina 36.69, iron 
oxide 0.84, lime 0.14, magnesia 0.10, potassium 0.81, soda, 
0.62, and H,O 10.96%. M.V.C. 

Laws of soil colloidal behavior: XVIII, Colloidal elec- 
trolytes. SANTE MAaTTSON AND YNGVE GUSTAFSSON. 
Soil Sci., 43 [6] 421-52 (1937).—The theory of the inter- 
action of colloidal hydroxides with colloidal and soluble 
acids is discussed, and two forms of isoelectric precipitates 
are accounted for. By determining the ultimate py and 
the titration curves of electrodialyzed samples, when single 
and when mixed, it is shown that soils having different 
isoelectric points (or Py of exchange neutrality) interact in 
a general way according to the theory of ampholytes. In 
the case of amphoteric colloids, however, the mutual 
neutralization proceeds further because of the limited dis- 
sociation of their salts. The chemistry of exchange 
acidity, exchange alkalinity, and of the point of exchange 
neutrality isexpounded. The reactions of the soil colloidal 
complex are fundamentally the same as those of ordinary 
weak electrolytes and can be accounted for by a special ap- 
plication of the known laws of ordinary weak acids and 
bases and of ampholytes. 11 references. XIX, The gel 
and the sol complex in soil formation. Jbid., pp. 543-71.— 
The ionic and cationic sol complexes, obtained at dif- 
ferent hydrogen iom concentrations in the extracts from 
various mixtures of soil and humus, were studied with re- 
spect to omposition and isoelectric point. It was found 
that there is a minimum of solvation at a py which cor- 
responds to the isoelectric point of the gel complex in the 
mixture. Above this pg, the sol complex is anionic and 
more acidic than the gel complex, whereas it is cationic 
and more basic than the latter at a lower py. Applied to 
the process of soil formation, a distinction is made between 
anionic solvation and eluviation, leading to laterites and 
red and brown earths, and cationic solvation and eluvia- 
tion, leading to podzolic soils. 15 references. For Parts 
XVI-XVII see Ceram. Abs., 15 [3] 108 (1936). G.R.S. 

Method for improving the physical properties of clays. 
J. W. AND F. W. Jour. Amer. 
Ceram. Soc., 20 [8] 261-65 (1937). 

Mineral deposits of eastern Singhbhum and surrounding 
areas. J. A. Dunn. Mem. Geol. Survey India, 69 [1] 
1-279 (1937).—D. describes the economic mineral de- 
posits in eastern Singhbhum, one of India’s richest mineral 
provinces, and the immediately surrounding areas, to- 
gether with a summary of the general geology to elucidate 
the genetic relations between the several deposits and to 
indicate the origins of the country rocks with which the 
deposits are associated. The mineral deposits described 
are the copper and related deposits (copper, apatite- 
magnetite, gold, wolframite, mica, and lead veins), iron 
ores and related deposits (iron ores, vanadium ore, man- 
ganese, and chromite), and other deposits (asbestos, 
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barytes, clays, garnets, ochers, platinum, refractory ma- 
terials, talc, and slate). Most of these minerals are being 
mined today. Illustrated. A.P.S. 

Origin of the bedding replacement deposits of fluorspar 
in the Illinois field. L. W. Currrer. Econ. Geol., 32 
[3] 364-86 (1937).—The banded fluorspax deposits of the 
Cave In Rock district are attributed to replacement of 
limestone and the preservation of bedding and cross- 
bedding of the rock. Chemistry and controlling condi- 
tions are discussed. 10 figures. J.L.G. 

Pennsylvania glass sand industry in 1936. R. W. 
Stone. Bull. Amer. Ceram. Soc., 16 [7] 288-91 (1937). 

Radium and ceramics. V.CHARRIN. Céram., Verrerie, 
Email., 4 [3] 99-100 (1936).—-The uranium ceramic pig- 
ments, autunite (CaO-2U0,;-P,0;), which has a yellow 
green tint, and chalcolite (CuO-2U0O;-P,0;), which has an 
emerald green color, are secondary minerals derived from 
pitchblende which is a source of radium. Deposits of 
uranium minerals in France are cited. M.V.C. 

Rare earths for ceramic purposes. ANon. Keram. 
Rundschau, 44 [28] 329 (1936)—Cerite carbonate or 
cerite oxalate are wastes of variable composition. The 
opacifying effect is due exclusively to cerium oxide. The 
remainder (50 to 60%) is a mixture of rare earths of dis- 
putable effect on glazes. The refractoriness is inferior to 
that of tin oxide. Cerium oxide gives bubbles in enamels. 
Didymium causes yellow discoloration. F.E.V. 

Secondary deposits of bauxite in France. V.CHARRIN. 
Rev. Matériaux Construction Trav. Publics, No. 330, pp. 
63-67 (1937).—The secondary deposits of bauxite are 
isolated and much less extensive than the great beds which 
make France one of the first in bauxite production, and 
as yet they have no industrial importance though they will 
eventually have to be drawn upon. They are located in 
the departments of Var and Bouches-du-Rhéne, Hérault, 
and the Pyrénées-Orientales. See ‘“Peculiar—,’’ Ceram. 
Abs., 16 [7] 220 (1937). M.V.C. 

Secondary deposits of kaolin in France. V. CHARRIN. 
Céram., Verrerie, Email., 4 [2] 53-54 (1936) —Besides the 
great kaolin deposits of Brittany, Limousin, Allier, and 
Niévre, there are secondary deposits in the Dept. of 
Manche, the Eyzies region, and the Pyrenees, which are 
worked only intermittently. These deposits are described 

M.V.C. 

Significance of particle size within the clay fraction. 
R. H. Bray. Jour. Amer. Ceram. Soc., 20 [8] 257-61 
(1937). 

Tolkachevskii quartzites as raw material for silica brick. 
K. A. ZHuxovskil. Geol. Zhur., 3 [3-4] 110-22 (1937).— 
A detailed geological description of the Tolkachevskii 
quartzite deposits is given. A preliminary study of 
mineralogical and chemical composition and of the 
technological properties of these quartzites show that they 
are a valuable raw material for the manufacture of silica 
brick. M.V.C. 

Vanadium-bearing titaniferous iron ores in Singhbhum 
and Mayurbhanj, India. J. A. DuNN aANp A. K. Dey. 
Trans. Mining & Geol. Inst. India, 31 (3) 117-84 (1937).— 
Vanadium-bearing titaniferous ores have been found in 
southern Singhbhum and northern Mayurbhanj with 
V.0; content varying from 0.6 to 6.0% but very irregu- 
larly distributed. A description of the Indian deposits, 
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uses, occurrences in nature, world’s resources, and treat- 
ment of V and Ti ores is presented. These ores, however, 
contain the highest percentage of V:O; yet known in such 
magnetic ores. The future value of high-grade vanadium- 
bearing titaniferous magnetites depends upon the deter- 
mination of a suitable method of extraction of either the 
vanadium or the titanium or both. A.P.S. 
X-ray investigation of the pyrochemical changes in 
Missouri halloysite. Frank J. ZvANUT AND Lyman J. 
Woop. Jour. Amer. Ceram. Soc., 20 [8] 251-57 (1937). 


BOOKS AND REPORTS 


Bauxite industry in 1936. Anon. U. S. Bur. Mines 
Mineral Markets Rept., MMS 540, 2 pp. Free. An ad- 
vance summary of this industry is presented. R.A.H. 

Introduction to the Study of Minerals. Austin FLINT 
Rocers. McGraw-Hill Book Co., New York. $5.50, 
postpaid. Reviewed in Can. Mining Jour., 58 [6] 320 


(1937). G.M.H. 
Magnesite industry in 1936. ANON. U. S. Bur. 
Chemistry 


Absorption-refiection spectra of the chrome colors. A. 
G. Gaypon. Trans. Ceram. Soc., 36 [2] 49-55 (1937).— 
Quantitative measurements of the spectra of the light 
scattered from the surfaces of seven tile glazed with the 
chrome colors green, brown, emerald-green, yellow, coral- 
red, chrome-tin crimson, and chrome-tin pink, using light 
scattered from the white back of one tile as a comparison 
spectrum, have been made in connection with work on the 
chemistry of the chrome-tin colors (see following abstracts). 
The method of obtaining the spectra is described, and 
absorption curves for the tile reproduced from photographs 
of the spectra taken through a neutral tint wedge are 
shown. R.H.H.P., Jr. 

Arrangement for obtaining diffraction diagrams of in- 
tensely crystalline powders with a monochromatic radia- 
tion. A. Guryrer. Compt. Rend., 204 [15] 1115-16 
(1937).--An apparatus is described by means of which 
monochromatic X-rays can be obtained with a cylindrically 
surfaced crystal; the radius of the curvature was 48 and 
96 mm. in the experiments. The exposure for obtaining 
clear diffraction diagrams, with an X-ray tube of 32 kv. 
and 30 milliamperes, was 2 min. for a Ni foil and 15 min. 
for vitreous silica. M.H. 

Chemistry of chrome-tin colors. J. W. MELLOR. 
Trans. Ceram. Soc., 36 [1] 16-27 (1937).—-To determine 
the nature of the chrome-tin pink or crimson colors, ab- 
sorption reflection spectra of the chrome colors green, 
brown, emerald-green, yellow, coral-red, chrome-tin crim- 
som, and chrome-tin pink were measured and compared. 
Chromic oxide and stannic oxide present in a glaze in the 
proportion of 1:5 produce a green color; aratioof 1:17 to 
20 gives red, and 1:25, pink. Finely divided chromic oxide 
is red, not green, and the stannic oxide in the glaze acts 
essentially as a chemically inert mordant for the aérosol 
of chromic oxide. The chrome-tin pink stain is really a 
deposit of highly dispersed chromic oxide condensed from 
the vapor state on stannic oxide, and the amount of chro- 
mic oxide and the average size of the colloidal particles 
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Mines Mineral Markets Rept., MMS 535, 3 pp. Free. 
An advance summary of the industry is presented. 
R.A.H. 
Mining and milling methods and costs at the glass-sand 
plant of P. J. Weisel, Inc., Corona, Calif. Epmunp Suaw. 
U. S. Bur. Mines Information Circ., No. 6937, 16 pp. 
Free. R.A.H. 
Ores and Industry in South America. H. Foster Bain 
AND THOMAS THORNTON Reap. Harper & Brothers, 
New York. 381 pp. Price $3.50. Reviewed in Foundry, 
63 [3] 67 (1935).—The mineral wealth of South America is 
described and discussed. F.G.H. 
Report of work of the Mining Division, U.S Bureau of 
Mines, for the year 1936, and program for 1.57. Cuas. 
F. Jackson. U. S. Bur. Mines Information Circ., No. 
6939, 16 pp. Free. The work of seven sections of the 
Mining Division is outlined, and the publications issued 


are listed. R.A.H. 
PATENT 
Mineral pulping apparatus. J. M. McCiave. Can 
365,440, April 20, 1937 (June 1, 1935). G.M.H. 


and Physics 


determine variations in tint. Triangular color charts of 
mixtures fired at cone 10 in the system SnO,-CaO-—Si0, 
plus 3% potassium dichromate show the effect of silica 
and whiting, which favors the dispersion of the colloidal 
red oxide on stannic oxide. In general, the greater the 
proportion of lime in the stain up to 25%, the better is 
the color, but higher proportions tend to make the tint 
paler by dilution. The composition of the glaze has an 
important effect on the stability of chrome-tin colors, and 
additions of calcium fluoride, chloride, and sulfate help to 
protect the colors from attack by the glaze. 
R.H.H.P., Jr 

Cobalt and nickel colors. J. W. Merior. Trans 
Ceram. Soc., 36 [1] 1-9 (1937).—Of the green, pink, purple, 
and blue colors that result from the use of cobalt oxide as 
a tinctorial agent, the simple cobalt blues are the most 
important and can be arranged in two classes: (1) cobalt 
silicate blues characterized by ultramarine blue and ob- 
tained by firing at high temperatures mixtures of cobalt 
oxide and flint or cornish stone, and (2) mat blues or 
cobalt aluminate blues derived from calcined mixtures of 
cobalt oxide and alumina. A typical mat blue contains co- 
balt oxide 20 parts, zinc oxide 20, and alumina 60; tri- 
angular color diagrams are shown of mixtures of the three 
oxides calcined and ground, under a lead glaze, and under a 
leadless glaze. The mat blue colors are, in general, un- 
stable in contact with the glazes, especially at the higher 
temperatures and with longer periods of firing, and tend to 
revert to ultramarine blue as the equilibrium tint. Glazes 
rich in lead and boric oxide attack the mat blues rapidly; 
glazes high in alumina and low in lead are less severe in 
their action and hence furnish the best colors. Thénard’s 
blue is made from alumina and cobalt oxide with or with- 
out zinc oxide. A solid solution of the two oxides pro- 
duces Rinman’s green, and when magnesia replaces the 
zinc oxide, a cobalt-magnesium pink or purple color is 
formed called Berzelius’ pink. The Chinese or Moham- 
medan blues range from clear sky blue to grayish blue, 
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and the richer tones are attributed to the effect of impuri- 
ties in the cobalt oxide which are now removed by modern 
refining. Mechanical mixing does not produce similar 
tones, and chemical mixing merely approximates them. 
The colors of the system NiO-ZnO-—Al,O; have also been 
investigated and are reported to be unstable and unre- 
liable. Color plates are given of triangular diagrams in 
which mixtures of the three oxides are calcined and ground, 
under a lead giaze, and under a leadless glaze. 
R.H.H.P., Jr. 
Collation of experimental data: 39. A.Atison. Glass, 
13 [12] 504 (1936).—Methods of collecting, interpreting, 
and expressing experimental data, particularly when a 
great many observations and sets of data are involved, are 
presented. 40. Jbid., 14 [1] 10 (1937).—The determina- 
tion, significance, and adaptation of the correlation coeffi- 
cient as related to experimental data are given. 4). 
Ibid., [2] 49.—A. discusses the computation and adapta- 
tion of index numbers for expressing experimental data. 
For Parts 36-38 see Ceram. Abs., 16 [3] 86 (1937). 
M.C.S. 
Crystal and the engineer. W. H. Bracc. Iron & 
Coal Trades Rev., 134 [3610] 843 (1937).—The structure 
of the crystal is considered from the engineering stand- 
point, the knowledge of which makes it possible to find out 
the strength of a given design; the arrangement of the 
atoms and the play of the forces both within the substance 
and on the surface determine the characteristic qualities 
of the substance. The principle of using X-rays instead of 
ordinary light rays for determining the structure and of 
the use of electron-diffraction methods for information on 
surface conditions is explained. The ‘“‘structure-sensi- 
tive’ properties of metals and other materials are impor- 
tant for all structural work and can be influenced by heat 
treatment, forging, and alloying to obtain a desired result. 
M.H. 
Determination of phosphoric anhydride in phosphate 
rock, superphosphate, and “metaphosphate.” James I. 
HorrMan AND G. E. F. LunpELL. Jour. Research Nat. 
Bur. Standards, 19 [1] 59-64 (1937); R.P. 1010. Price 
5¢.—A gravimetric method requiring no molybdate reagent 
is described for the determination of phosphoric anhydride 
in phosnhste rock and similar materials. R.A.H. 
Discoloration of chrome-green colors. J. W. MELLOR. 
Trans. Ceram. Soc., 36 [1] 28-30 (1937).—Earthenware 
prepared with underglaze chrome greens by the same 
processes sometimes comes from the glost oven with greens 
variable in tint. Experimental evidence shows that the 
richest greens are produced under reducing conditions and 
that the presence of small amounts of stannic or zinc 
oxide often increases the discoloration of the greens with 
variations in temperature. The amount of boric oxide 
should always be less than that of alumina in the glaze or 
the proportion of lime should be high. Unstable chro- 
mates are sometimes formed in the glost oven in an oxidiz- 
ing fire in the presence of highly basic oxides and may 
also cause discoloration. R.H.H.P., Jr. 
Ferric oxide colors. J. W. Metior. Trans. Ceram. 
Soc., 36 [1] 31-43 (1937).—The colors which can be pro- 
duced by ferric oxide dissolved in a glaze range from red 
through violet; the green and blue are developed in a 
reducing atmosphere. About 5 to 7% of ferric oxide dis- 


Ceramic Abstracts 


Vol. 16, No. 9 


solves in a glaze at ordinary temperatures to form a 
complex ferric lead silicate of a transparent yellow 
color. At higher temperatures, glazes dissolve more 
ferric oxide and, if slowly cooled, produce beautiful 
aventurine effects with spangles of hematite crystals. 
Colors produced by ferric oxide suspended in the glaze 
depend upon the color impressed on the ferric oxide during 
its preparation. A range of tints from orange-red through 
violet-red can be obtained with increasing temperature of 
calcination, while additions of manganese give the deeper 
tints to iron-gray. These tints, Pannetier’s iron colors, 
are illustrated in color. The colors obtained by calcining 
ferrous sulfate over the range 600 to 900°C have all been 
analyzed with Lovibond’s standard tintometer. In study- 
ing the effect of the grain size of the iron oxide particles on 
color, it was found that the finest particles are yellow while 
coarser particles are red. Reflection spectra and formulas 
are given for underglaze black and brown. A description 
is included of the natural ferric oxide colors, both hydrated 
and anhydrous. R.H.H.P., Jr. 
Heat capacity of combined water and of soils. P. I. 
AnpRIANOW. Kolloid-Z., 78 [1] 107-108 (1937).—Investi- 
gation of silica sand, clay, humus, peat, and mixtures 
thereof showed the heat capacity of the combined water 
in several soils to average less than 1 (0.70 to 0.75). Cal- 
culation of the corresponding values for several chemical 
compounds also gave figures smaller than unity (0.4 to 
0.8). F.P.P 
Investigation of sodium aluminate. A. Marrer. Gazz. 
Chim. Ital., 65, 108-16 (1935).—-M. describes a hydrolyza- 
tion process in which pure sodium aluminate solutions 
without excess of soda can be obtained. M.H. 
Linear mineralogical arithmetic. A.L. Parsons. Amer. 
Mineralogist, 20, 388-92 (1935).—-Graphic methods of 
determining molecular proportions with a high degree of 
accuracy and the calculation of the mineral percentages in 
rocks from the chemical analyses and specific gravities are 
presented. F.J.Z. 
Polymorphic transitions of inorganic compounds to 
50,000 kg./cm.2. P. W. Bripcman. Proc. Nat. Acad. 
Sci., 23 [4] 202-205 (1937).—In applying pressures to 
50,000 kg./cm.?, B. has found 35 inorganic compounds 
that exhibit polymorphism in this pressure range. More 
than 50 other compounds were examined with negative 
results. The transition parameters (pressure, tempera- 
ture, change of volume, and latent heat) for these transi- 
tions are tabulated for 20 substances. Temperature range 
of the measurements was from -—79°C to +200°C. 
Average temperature referred to in the table was 100°C. 
The 15 substances not tabulated are named, and the 
reasons’ for omitting them are mentioned (sluggish inver- 
sion, wide variation of parameters, more than one inver- 
sion, etc.). Statistical trends of the results are discussed. 
J.L.G. 
Progress of science. R.A. Murkan. Sci. Monthly, 
42, 87-88 (1936).—The award of the Nobel prize in 
physics has been made to James Chadwick for the ex- 
ceedingly important discovery of the neutron. The heart 
or nucleus of the atom is revealed, and through these dis- 
coveries it is becoming evident how some of the heavier 
atoms are being built up out of hydrogen. With their 
aid more than seventy definite cases of the ‘transmutation 
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of the elements’’ have been produced. The Nobel prize 
‘in chemistry has been awarded to the Joliots for their 
discovery of artificial radioactivity which has been pro- 
duced in several different ways and with many different 
working substances. Until this work was done, the 
phenomenon of radioactivity was believed to be com- 
pletely beyond the control of man. H.E.S. 
Rapid method for determining lime and magnesia. 
HornkE. Tonind.-Zig., 61 [28] 311-12 (1937).—Experi- 
ments on a method for a rapid determination of lime and 
magnesia are described. The determination of lime, by 
the titration of calcium oxalate in a solution combined 
with sulfuric acid, with permanganate yields exact values 
when the solution to be investigated is heated to70°. The 
presence of a paper filter is harmless. The precipitation ol 
magnesium as magnesium-ammonium-phosphate in the 
boiling solution and subsequent stirring yield excellent 
results. Titration of phosphoric acid produces exact 
values when hydrochloric acid is used whose surplus can be 
determined by titrating back with soda lye. M.V.C. 
Structure of solid bodies. E. WicnNer. Sci. Monthly, 


42, 40-46 (1936).—The progress in the explanation of the. 


properties of solid bodies is due, on the theoretical side, to 
the newly developed quantum mechanics and, experi- 
mentally, mainly to the study of the crystal structure by 
X-rays. Without these tools these problems would be as 
unsolved as the problem of liquids where X-ray studies 
have proved less efficient. H.E.S. 
Study of borates and oxides in the far infra-red. M. 
Paropi. Compt. Rend., 204 [15] 1111-12 (1937).—Trans- 
mission and reflection bands were studied in borates of 
Ca, K, Mn, Cu, and Pb and in some oxides; they showed 
that three distinct groups of different wave-length occur- 
ring in the infra-red region could be distinguished. They 
lie around 30, 40, and 52 microns. M.H. 
Thermal decomposition of ammonia-permutite, am- 
monia-bentonite, and ammonia-clay. O. <Kol- 
loid-Z., 78 [1] 68-71 (1937).—Ammonia complexes were 
prepared from Na permutite, Ca bentonite, and Hessian 
pottery clay, and the loss on heating at 700°C was de- 
termined. Thermal decomposition was also observed at 
50° intervals between 50 and 550°C. The stability of the 
adsorbed ammonia complex was different for the three ma- 
terials and was variously affected by the temperature of 
heating. The ammonia-permutite complex was com- 
pletely broken at 300°C, the ammonia-bentonite at 550°C, 


and the ammonia-clay at 500°C. The plot of ammonia 
loss vs. temperature was a straight line only for the am- 
monia-permutite. B. ascribes the different behavior of the 
three complexes to the structural differences inherent in 
the basic materials. F.P.P. 
Thorium separation from rare earths; use of hexamine 
and its application to the determination of thorium in mona- 
zite sand. A.M. Ismam anp H. F. Harwoop. Analysi, 
62 [732] 185-91 (1937).—-Hexamine precipitates quanti- 
tatively the hydroxides of Fe’’’, Al, Cr, Ti, U, Zr, and Th. 
Th can be separated quantitatively from Ce and other 
rare earths by using hexamine as precipitant. The appli- 
cation of the method to the determination of Th in mona- 
zite sand is described. H.H.S. 


BOOKS 


March of Science, 1931-1935. Bririsu Assn. Isaac 
Pitman & Sons, London, 1937. 215 pp. Price 3s 6d. 
This is the first of a projected series of 5-yearly surveys of 
scientific progress by leading scientists. Contributors to 
the present volume include James Jeans, F. G. Hopkins, 
and Wm. Dunne. H.H.STEPHENSON 

Terminology of Physics. C. G. Darwin. Clarendon 
Press, Oxford, 1937. Price 2s 6d. Reviewed in Notes 
& Queries, 172 [9] 145 (1987). H.H.S 


PATENTS 


Composition for combating foam. WeRNER STEIBELT 
(I. G. Farbenindustrie A.-G.). U. S. 2,085,709, June 29, 
1937 (July 5, 1932). A composition for reducing or pre- 
venting foam comprises a liquid mixture of a solid ali- 
phatic alcohol containing more than 12 carbon atoms per 
mol. and a liquid aliphatic alcohol containing at least 8 
carbon atoms per moi. 

Treatment of silicate ores, etc. Camuite Decuire 
(Soc. Recherches et d’Applications Chimiques (Sorac), 
Soc. Anon.). U. S. 2,084,630, June 22, 1937 (Aug. 8, 
1936). A process of treating a silicate ore containing 
silica and oxide of zirconium comprises the steps of cal- 
cining the ore in the presence of a barium compound so as 
to produce dibarium silicate and barium metazirconate 
while avoiding fusing of the mass, treating the product ob- 
tained to form sodium silicate in solution, with barium 
metazirconate and barium carbonate as a residue, and 
calcining the latter to convert the barium metazirco- 
nate into barium orthozirconate. 


General 


Armco personal relations. W. Wricnur. Fac- 
tory Management & Maintenance, 95 [5] S-381-92 (1937).— 
W. describes the system of personnel treatment which has 
prevented the American: Rolling Mill Co. from losing 
production and the employees from losing wages due to 
labor disputes in the entire history of the company’s opera- 
tion (36 years). Topics treated are (1) organization and 
policies, (2) employment, (3) medical department, (4) 
safety and training, (5) fair wage plan, (6) the Armco as- 
sociation, (7) credit unions, (8) group insurance, (9) or- 
ganization publicity, (10) community relations, and (11) 
employee representation. J.L.G. 
De-airing of boiler feed water. R.W.BRUNNER. Jowr. 


Amer. Soc. Naval Engrs., 49 [5] 127-52 (1937).—A clear, 
concise outline of the corrosion theory shows the part O, 
plays in depolarization and in increasing the surface ex- 
posed by roughening due to oxide formation. Due to in- 
creased pressures and ratings for Naval boilers with lower 
weight factors, the structures are more vulnerable and 
therefore require increased attention toward a lower cor- 
rosion rate. A simple calculation is made to show that a 
modern destroyer at 15 knots cruising rate with 0.4 ml. 
O,/liter, as measured recently on board ship, would cor- 
rode over '/: lb. of Fe from boilers and tubes in 24 hr. 
Reduction of dissolved O, by de-airing is considered the 
answer to the problem, and various systems of de-airing 
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are discussed and illustrated in sketches and diagrams. 
The method of testing for dissolved O, in use by the Navy is 
the modified Winkler test, the only one available at present. 
Attention is being given to the spectrophotometer method 
which, with further development, may indicate critical 
limits. The modified Winkler test requires extreme pre- 
cautions in sampling and in basing the determination on 
several simultaneous tests. Tests are tabulated for vari- 
ous parts of the feed-water system to indicate variations 
in O,; content along the line ranging from 0.03 to 1.0 ml./ 
liter, the present aim being to reduce this to a 0.10 ml./liter 
maximum. Chemical control of O, is not feasible due to 
the large amounts of chemicals that would be required in 
ships stores for the purpose. W.H.B. 
Factors governing furnace size. R.B.Purpy. Power, 


79 [9] 470-72 (1935).—A detailed discussion of the 
numerous factors involved is presented. [Illustrated. 
F.G.H. 


Functions of a research department. T. M. HERBERT. 
Glass, 12 [7] 292 (1935).—H. discusses his original presen- 
tation (Ceram. Abs., 14 [10] 263 (1935)). The effective- 
ness of the individual laboratories is dependent to a great 
extent upon the codperation between them. Reference is 
made to the American way of conducting research where 
there is a free exchange of ideas, information, and data 
between various laboratories and engineers. M.C.S. 

Process research and the evolution of a new technique. 
R.S. Hutton. Metal Ind. [London], 48 (3) 55-58 (1936). 
—To deal with the problem of stimulating and carrying 
out process research aimed at drastic innovations two con- 
ditions are obvious: (1) it can not be linked up with 
ordinary routine production, and (2) the work can not be 
easily executed in the ordinary research laboratory. 


Much can be learned from small-scale tests sometimes far 
removed from the actual location of manufacture. 


Works 


Ceramic Abstracis 


Vol. 16, No. 9 


development departments and outside institutions are 
p/aying an important part in industrial progress. 
H.E.S. 
Technology, the science of industrial arts. ANON 
Pottery & Glass Record, 19 [6] 158 (1937).—The importance 
of technology in the manufacture of pottery is explained, 
and the reading of descriptive books on potters and pottery 
by salesmen (as well as by craftsmen) is advocated as an 


aid to increased selling power. A.B:S. 
BOOKS 
Ceramic Technology: Vol.I. P.P.Bupnirxov. Gosud 
Nauchno-Tech. Izdat. Ukrainy, Kharkov, 1937. 3rd ed. 


521 pp. Price 8R 50k. A complete discussion of the 
history of ceramic raw materials, glazes, and ceramic pig- 
ments is presented. For Vol. II see Ceram. Abs., 13 [4] 
106 (1934). M.V.ConpDoIDE 
Industrial coal-burning equipment. ANoN. Appaia- 
chian Coals, Inc., Booklet, 19 pp.; reviewed in Power, 79 
[9] 501 (1935).—An analysis, covering 7284 plants, illus- 
trates the comparative importance of various types of 
coal-burning equipment used by industrial plants in eight 
states. F.G.H. 
Preparation of Engineering Reports. T. R. AGG AND 
W.L. Foster. McGraw-Hill Book Co., New York. 192 
pp. Price $1.75. Reviewed in Mech. Eng., 58 [2] 132 
(1936).—The beginner in report writing will find this work 
a help in presenting his material in an orderly manner. 
The collection of the data, arrangement of the subject 
matter, style, illustrations, and other practical questions 


are systematically discussed. F.G.H. 
PATENT 
Roofing granule manufacture. E. H. Can. 
365,590, April 20, 1937 (Jan. 29, 1936). G.M.H 
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